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Oescrtption 

Technical Field 


This invention is in the fields of genetic engineering, plant biology, and bacteriology. 
Background Art 


•0 In the past aecade. the science of genetic engineenng has develooeo raoidly. A vanety of processes 
are known for inserting a heterologous gene into bacteria, whereby the bacteria beconne capable of efficient 
expression of the mseaed genes. Such processes normally involve the use of plasmids which may be 
cleaved at one or more selected cleavage sites by restriction enaonucleases. aiscussea below. Typically, a 
gene of interest is obtained by cleaving one piece of DNA ana the resulting DNA fragment is mixed with a 

*5 fragment obtaineo by cleaving a vector sucn as a plasmtd. The different strands of DNA are then connected 
"ligated") to each other to form a reconstitutea piasmio. See. for example. U.S. Patents 4.237.224 (Cohen 
and Boyer. 1980): 4.264.731 (Shine. 1981): 4.273.875 (Manis. 1981): 4.322.499 (Baxter et al. 1982). and 
4.336.336 (Silhavy et al. 1982). A vanety of other reference works are also available. Some of these works 
aescnbe the natural processes whereby DNA is transcribeo into messenger RNA (mflNA) ana mRNA is 

:o translated into protein: see. e.g., Strver. 1981 (note: ail references cued herein, other than oatents, are listed 
.vith citations after the Examoies); Lehninger. 1975. Other works oescribe methods ana oroducts of genetic 
-naniDuiaiion: see. e.g.. Maniatis et al. 1982: Settow ana Hollaenaer. 1979. 

Most of the genetic engineering work oerformea to aate involves the insertion cf genes into vanous 
:7pes of ceils, primarily bactena sucn as £. con. various other types of microorganisms such as yeast, and 

:5 mammalian ceils. However, many of the tecnmoues ana substances used for genetic engineenng of animal 
:eils ana microorganisms are not airectty appttcabie to genetic engineenng involving pianis. 

As used herein, the term "plant" refers to a multicellular Differentiated organism that is caoable of 
photosynthesis, such as angiosperms ana multicellular algae. This does not include microorganisms, such 
as bacteria, yeast, and fungi. However, the term "plant cells" includes any cell derived from a plant: this 

20 includes undifferentiated tissue such as cailus or crown gall tumor, as well as piant seeds, propagules. 
pollen; and plant embryos. 

A vanety of olant genes have been isolated, some of which have been publishea and/or are puolicly 
available. Such genes include the soybean actin gene (Shah et al 1982). corn zein (Pederson et al. 1982) 
soybean leghemogiobm (Hyldig-Nielsen et al. 1982). and soybean storage proteins (Fischer and Goldberg, 

;5 1982). 


i he Regions or a Gene 


^0 The expression of a gene involves the creation of a polypeptide which is coded for by the gene. This 
process involves at least two steps: part of the gene is transcribed to form messenger RNA. and part of the 
mRNA is translated into a polypeptide. Although the processes of transcnption and translation are not fully 
understood, it is believed that the transcnption of a DNA sequence into mRNA is controlled by several 
regions of DNA. Each region is a series of bases (i.e.. a series of nucleotide residues compnsing adenosine 

45 (A), thymidine (T). cytidine (C), ana guanidine (G)) which are in a desired seouence. Regions which are 
usually present in a eucaryotic gene are shown on Figure l. These regions have ceen assigned names for 
use herein, ana are briefly discussed below. It should be noted that a variety of terms are used in the 
literature, which describes these regions in much more detail. 

An association region 2 causes RNA polymerase to associate with the segment of DNA. Transcription 

50 does not occur at association region 2: instead, the RNA polymerase normally travels along an intervening 
region 4 for an appropriate distance, such as about 100-300 bases, after it is activated by association region 
2. 

A transcnption initiation sequence 6 directs the RNA polymerase to begin synthesis of mRNA. After it 
recognizes the appropriate signal, the RNA polymerase is believed to begin the synthesis of mRNA an 
55 appropriate distance, such as about 20 to about 30 bases, beyond the transcription initiation sequence 6. 
This is represented in Figure l by intervening region 8. 

The foregoing sequences are referred to collectively as the promoter region of the gene. 

The next sequence of DNA is transcribed by RNA polymerase into messenger RNA which is not 
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translated into orotein. in general, the 5* end of a strana of mRNA attacnes to a nbosome. In bactenal cells, 
this attachment is facilitated by a seauence of bases called a "ribosome binding site" fRBS). However, in 
eucaryotic cells, no sucn RBS sequence is known to exist. Regarcless of whether an RBS exists in a strand 
of mRNA. the mRNA moves through the ribosome until a "start codon" is encountered. The start codon is 

5 usually the series of three bases. AUG: rarely, the codon GUG may cause the initiation of translation. The 
non-translated portion of mRNA located between the 5' ena of the mRNA ana the start codon is referred to 
as the 5' non-translated region 10 of the mRNA. The corresponding sequence in the ONA is also referred to 
herein as 5' non-transiatea region 12. The specific series of bases in this sequence is not believed to be of 
great importance to the expression of the gene; however, the presence of a premature start codon might 

10 affect the translation of the mRNA (see Kozak. 1978). 

A promoter sequence may be significantly more complex than descnbed above: for example, certain 
promoters present in bacteria contain regulatory sequences that are often referred to as "operators." Such 
complex promoters may contain one or more sequences which are involved in induction or repression of 
the gene. One example is the lac operon. which normally does not promote transcription of certain lactose- 

;5 utilizing enzymes unless lactose ts present in the cell. Another example is the trp operator, which does not 
promote transcription or translation of certain tryptophan-creating enzymes if an excess of tryptophan is 
present in the cell. See. e.g.. Miller and Reznikoff. 1982. 

The next sequence of bases is usually called the coding sequence or the structural sequence 14 (in the 
DNA molecule* or 16 (in the mRNA molecule). As mentioned above, the translation of a polypeptide begms 

2Q wnen the mRNA start cooon. usually AUG, reaches the translation mecnanism in the nbosome. The start 
coaon directs the ribosome to begin connecting a senes of amino acids to eacn other by peptide bonds to 
form a polypeptide, starting with metnionine. which always forms the ammo terminal end of the polypeptde 
(the methionine residue may be subsequently removea from the polypeptide by other enzymes). The bases 
which follow the AUG stan codon are divided into sets of 3. eacn of which is a codon. The "reading frame". 

J5 which specifies how the bases are grouped together into sets of 3. is determined by the start codon. Each 
codon coaes for the aadition of a specific amino acid to the polypeptide being formed. The entire genetic 
code (there are 64 different codonsi has been solved; see, e.g.. Lehninger. supra, at p. 962. For example. 
CUA is the codon for the ammo acid leucine: GGU specifies glycine, and UGU specifies cysteine. 

Three of the cooons (UAA. UAG, and UGA) are '*stop" codons: when a stop codon reaches the 

JO translation mechanism of a ribosome. the polypeptide that was being formed disengages from the 
nbosome. and the last preceding ammo acid residue becomes the carboxy terminal end of the polypeptide. 

The region of mRNA which is located on the 3* side of a stop codon in a monocistronic gene is referred 
to herein as T non*translated region 18. This region 18 is believed to be involved in the processing, 
stability, and/or transpoa of the mRNA after it is transcnbed. This region 18 Is also believed to contain a 

2S sequence of bases, poiy-adenyiation signal 20. which is recognized by an enzyme tn the cell. This enzyme 
adds a suostantial numoer of adenosine residues to the mRNA molecule, to form poly-A tail 22. 

The DNA molecule has a 3' non-translated region 24 and a poly-aoenyiation signal "26. which code for 
the corresDOnoing mRNA region 1 8 ana signal 20. However, the ONA moiecuie aoes not have a poiy-A tail. 
Poly-adenylation signals 20 (mRNA) and 26 (DNA) are represented in the figures oy a heavy dot. 

Gene-Host Incompatibility 

The same genetic code is utilized by all living organisms on Earth. Plants, animals, and microorganisms 
45 all utilize the same correspondence between codons and amino acids. However, the genetic code applies 
only to the structural sequence of a gene, i.e., the segment of mRNA bounded by one start codon and one 
stop codon which codes for the translation of mRNA into polypeptides. 

However, a gene which performs efficiently in one type of cell may not perform at all in a different type 
of cell. For example, a gene which is expressed in E, coli may be transferred into a different type of 
50 bacterial cell, a fungus, or a yeast. However, the gene "mighT not be expressed in the new host cell. There 
are numerous reasons why an intact gene which is expressed in one type of cell might not be expressed in 
a different type of cell. See. e.g.. Sakaguchi and Okantshi. 1981. Such reasons include: 

1 . the gene might not be replicated or stably inherited by the progeny of the new host cell. 

2. the gene might be broken apart by restriction endonucleases or other enzymes in the new host cell. 
55 3. the promoter region of the gene might not be recognized by the RNA polymerases in the new host 

cell. 

4. one or more regions of the gene might be bound by a repressor protein or other molecule in the new 
host cell, because of a ONA region which resembles an operator or other regulatory sequence of the host* s 
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DNA. For examoie. the lac operon includes a polypeptide whicn binas to a oanicuiar seouence of bases 
Reznil.off"l98T """" P^'VP^P^ioe is itself inacivateo oy lactose. See. e.g.. Miller ana 

5. one or more regions of the gene might be deleted, reorganizea. or relocated to a different part of the 
hosts genome. For example, numerous procaryotic cells are known to contain enzymes which promote 

Z erZ°:TcT<" " - T""' ^ ^ '^^'"^ ''''' ^rJoosZ 

(see. e.g.. The 45th Cold Spring Harbor Symposium on Quantitative Biology, l98l). In aodition naturailv- 

occurnng genetic moaification can oe enhanced by regions of homology oetween different strands - DNA- 
see, e.g., Radamg, 1978. 

w ^."ITk ^ transcnbed from the gene may suffer from a vanety of orooiems. For example, it might be 
degraded before it reaches the nbosome, or ,t might not be poly-aaenyiatea or transooned to the ribosome 

1,\ hT'omI '''"^^"^ "^o^ome. or ,t might contain an essential sequence which is 

deleted by RNA orocessing enzymes. 

7. the polypeptide wh.ch is created by translation of the mflNA coaea for oy the gene mav suffer from 
a variety of proDtems. For example, the polypeptide may have a toxic effect on the cell or ,t mav be 
glycosylated or converted into an altered polypeptide, or ,t may be cieavea into shorter polypeptides or 
ammo acios. or it may be sequestereo within an intracellular compartment where it is not functional 

In general, the likelihood of a foreign gene being expresseo in a ceil tenos to be lower if the new host 
ceil IS suDstantiaily different from the natural host cell. For example, a gene from a certain species of 
bacteria is likeiy to be exoresseo by other species of bacteria within the same genus The gene is less 
iiKely to be exoressed by oactena of a different genus, ana even less likeiv to be exoressed bv non- 
■oacterial microorganisms sucn as yeast, fungus, or algae. It is very unnkeiv tnat a gene from a cell of one 
^ingoom (the tnree K.ngooms are plants, animals, and "protista" (microoroanisms.) could be expresseo in 
ceils from either otner kingoom. expresseo in 

These ana otner problems have, until now. thwarted efforts to obtain exoression of foreign genes into 
Plant ceils. For example, several research teams have reported the insertion of foreign DNA into olant cells- 
see. e.g., Lurquin. 1979: Krens et al. 1982: Davey et al, 1980. At least three teams of researchers have 
reoorted the .nsenion of entire genes into plant cells. By use of radioactive DNA probes these researchers 
have reported that the foreign genes (or at least portions thereof) were stablv inherited by the descendants 
or the Plant ceils. See Hemaisteens et al. 1980: Garfinkel et ai. 1981: MatzKe and Chilton 1981 However 
there was no reoortea evidence that the foreign genes were expressed in the olant cells. 

Several natural exceptions to the gene-host incompatibility barners have been discoverea For example 
struTi etllTSzr"^^ expressed in certain types of yeast cells, ana v.ce-versa. See Beggs. 1978.' 

In addition, certain types of bactenal cells, including Agrobacienum tumefaciens and A rhizogenes are 
caoable of infecting various types of plant cells, causing plant diseases sucn as crown gaF t umor and h airv 
root disease. These Agrooacterium ceils carry plasm.ds. designated as Ti oiasmias and Ri olasmids which 
carry genes wn,cn are expresseo ,n oiant ceils. Certain of these genes ccae for enzvmes which 'create 
.uDstances caileo "opines." sucn as octopine, nopaline. and agropine. Ooines are utilized by the bactena 
ceils as sources ot carbon, nitrogen, and energy. See. e.g.. Petit ana Temoe. 1978. The ooine genes are 
oelieved to be inactive while In the bacterial cells: these genes are expresseo only after they enter the plant 

In addition, a vanety of man-made efforts have been reported to overcome one or more of the qene- 
host incompatibility bamers. For example, it has been reported that a mammalian polypeptide which ,s 
normally degraoed w.thin a bactenal host can be protected from degradation by coupling the mammalian 
polypeptide to a bactenal polypeptide that normally exists in the host cell. This creates a "fusion protein - 
see, e.g Itakura et al. 1977. As another example, in order to avoid cleavage of an inserted gene bv 
endonucleases in the host cell, it is possible to either (1) insert the gene into host cells which are deficient 
m one or more endonucleases. or (2) duplicate the gene in cells which cause the gene to be methylated 
See, e.g.. Maniatis et al, 1981. ^ y aiou. 

In addition, various efforts to overcome gene-host incompatibility barriers involve chimeric genes For 
example a stmctural sequence which codes for a mammalian polypeptide, such as insulin, interferon or 
growth hormone, may be coupled to regulatory sequences from a bacterial gene. The resulting chimeric 
gene may be inserted into bacterial cells, where it will express the mammalian polypeptide See eq 
Guarente et al. 1980. Alternately, structural sequences from several bacterial genes have been coupled' to 
regulatory sequences from viruses which are capable of infecting mammalian cells. The resulting chimeric 
genes were inserted into mammalian cells, where they reportedly expressed the bacterial polypeptide See 
e.g.. Southern and Berg. 1982: Colbere-Garapin et al. 1982 k • . 
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Restriction Endonucieases 

In general, an enconuclease is an enzyme which is capable of breaKing DNA into segments of DNA An 
enoo nuclease is capable of attaching to a strand of DNA somewnere in the miadle of the strand, and 
creaking it. By comparison, an exo nuclease removes nucleotides from the eno of a strano of DNA All of 
ihe endonucieases discussed herein are caoaole of breaking aouble-stranoed DNA into segments This may 
require the breakage of two types of bonas: d) covalent bonds between onosonate groups and deoxyribose 
residues, ana (2) hydrogen bonds (A-T ana C-G) which hold the two stranas of DNA to each other. 

A "restriction enoonuciease" mereafter referred to as an endonucieasei breaks a segment of DNA at a 
precise seouence of bases. For example. EcoRI and Haelll recognize ana cleave tne following sequences: 

ECORI: 5'- «ATTC XXG ^ AATTCXX 

YYCTTAA GYY 



Haelll: 5'- 



XXGC 
YYCC 


CCXX 
GGYY 


30 


■5 


In the examples cited above, tne EcoRI cleavage created a "cohesive ' eno with a 5' overhang (i e the 
singie-stranoed "tail" has a 5' ena rather than a 3' end). Cohesive enas can be useful in promoting desired 
ligations. For example, an EcoRI eno is more likely to anneal to another EcoRI ena than to a Haelll end 

Over too different endonucieases are known, each of which is caoaoie of cieavina DNA at specific 
sequences. See. e.g.. Roberts. 1982. All restnction endonucieases are sensitive to tne seouence of bases 
In addition, some enaonucleases are sensitive to whether certain bases have been methylated For 
example, two endonucieases. Mbol ana Sau3a are capable of cleaving the following sequence of bases as 
shown: 


YYCTAGjsnr ^ YYCTAG 


GATCXX 

^0 *-w*«^i IXUTAG YY 


-5 


50 


Mbol cannot cleave this sequence if the adenine residue is methylated (me-A). Sau3a can cleave this 
sequence, regardless of whether either A is methylated. To -:ome extent the methylation (and therefore the 
cleavage) of a plasmid may be controlled by replicating the plasm.ds m cells with desired methylation 
capabilities. An E, coli enzyme. DNA adenine methylase (dam), meihylates the A residues that occur in 
GATC sequences. Strains of E. coli which do not contain the dam enzyme are designated as dam-cells 
Cells which contain dam are designated as dam + or dam cells. 

Several endonucieases are known which cleave different sequences, but which create cohesive ends 
which are fully compatible with cohesive ends created by other endonucieases. For examole. at least five 
different enaonucleases create 5* GATC overhangs, as shown in Table 1. 


55 
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Table 1 

Sndonueleas^ Sequence 


Mbol 

Inhibited by me-A 

Sau3a 
Unaffected by oe-A 

Bglli 
Unaffected by me-A 

Bell 

Inhibited by me-A 




BaiBfii 
Unaffected by me-A 


A cohesive end created by any of the enconucieases listed m Table 1 will hgate oreferentially to a 
cohesive end created by any of the other endonucieases. However, a ligation of. for example, a Bglll ena 
with a BamHI ena will create the following sequence: 


AGATCC 
TCTAGC 

This seauence cannot be cleaveo by either Bgl II or BamHI: however, it can be cleaved by Mbol 
(unless methylated) or by Sau3a. 

Another enaonuclease which involves the GATC sequence is Pvul, which creates a 3' overhana as 
follows: 



Another endonuclease. Clal. cleaves the following sequence: 
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Y TAGCpAY 


If X. .s G. or If X: is C. then the seauence may ce cieavea by Mbol (unless memyiated in which case 
Clal IS also mmoitea) or Sau3a ^® 


'G 

Vrral Promoters 


A virus iS a microorganism comprising single or ccuoie stranoed nucieic acid (DNA or RNA» contained 
.ithm a prctein .and possibly iipid, shell ca.lea a "caosio" or "coaf. A virus is smaller than a ceTZTi 
ooes no, ccntam most of the components ana suostances necessary ,o conauct most oiocnemica 
processes, ir.steaa. a virus infects a cell ana uses the cellular orocesses to reproduce itself 

The following ,s a simplified description of how a DNA-contain.ng virus infects a ce.l: RNA viruses will 

Z!^^7"^''"TZ°S^T °' ' ^'"^ ^"^'^'^^'^ '° ^ <=ell: normally 

■-ailed a ,st ceil. The DNA from the virus (ana possible the entire viral particle) enters the host eel 
,^ .vhere „ usually operates as a piasmid .a loop of extra-cnromosomai DNA). The virai DNA is transcribed 
nto messenger RNA. wmch ,s transiatea into one or .^ore oo.ypeptides. Some of these ooiypept^es a'e 

'ITnT """"^"^"^ '° '"'^"'^ oipcnemica, reactions The 

virai DNA .£ £iso reoncatea ana assemoiea with the caosia Do.yoeptiaes to form new virai oarticies These 
vira. particles may oe reieasea graouaily by the host ceii. or they may cause the host ceil to Ivse and 
.-eease them. The reieasea v.ral particles subseauentiy ,nfect new host cells. For more bacKground 
information zr. viruses see. e.g.. Stryer. 1981 ana Matthews. 1970. oacKgrouna 
As usee ..erein. the term "virus" includes phages ana viro.as. as well as repiicative mtermeaiates As 
used herein. :ne pnrases viral nucieic acid" ana "DNA or RNA Oenvea from a virus" are construed broadiv 
to include any DNA or RNA that is obtainea or denvea from the nucleic acid of a virus. Forexampie a DNA 
strana createa by using a viral RNA strand as a temoiate. or by cnemical synthesis to create a known 
sequence c: -ases determinea by analyzing viral DNA. /vouid be regarded as viral nucleic acid 

The host .-ange of any virus (i.e.. the variety of ceils that a type of virus is caoable of infecting, is 
iinnited. Some viruses are capable of efficient infection of only certain types of bacteria: other viruses can 
:nfect only chants, and may Pe limited to certain genera: some viruses can infect oniy mammalian cells 
,^ /iral infection ot a cell reauires more than mere entry of the viral DNA or RNA into the host cell" viral 
particles m.st oe reproauced within the ce.l. Througn various assays, those skilled m the art can reaoily 
. etermine ...nether any particular type of virus is capao.e of infecting any particular genus, soeces. or strain 

-' r^l " ""^'^"^'^ ' '^'^^^ "'"'^^ "Pao'e Of infecting one 

-r more types or oiant ceils, regaraless of wnether it can infect other tvpes of cells 

With the ccssiDle exception of viroids iwhicn are oooriy unaerstooa at present), everv viral particle must 
contain at least one gene which can be "expressea" in mfectea host cells. The expression of a qene 
requires that a segment of ONA or RNA must be transcnbed into or function as a strand of messenger RNA 
(mRNA). ana tne mRNA must be translated into a polypeptide, (viost viruses have aoout 5 to 10 different 
genes, all ot -.vmch are expressed in a suitable host cell. 
^5 Promoters from viral genes have been utilized in a variety of genetic engineering applications For 
example, chimeric genes have been constructed using vanous structural sequences (also called coding 
sequences) taken from bacterial genes, coupled to promoters taken from viruses which can infect 
mammalian ceils (the most commonly used mammalian viruses are designated as Simian Virus 40 (SV40) 
S !r"'' "^^^^^ ^e^es have been used to transform mammalian cells 

See. e g., tvluihgan et al 1979: Southern and Berg 1982. In addition, chimeric genes using promoters taken 
from viruses which can infect bacterial cells have been used to transform bacterial cells: see e g the 
phage lamoaa PL promoter discussed in fvlaniatis et al. 1982. ' 

Several researchers have theonzed that it might be possible to utilize plant viruses as vectors for 
rans ormrng plant cells. See. e.g., Hohn et al, 1982. In general, a "vector" is a DNA molecule useful for 
transfernng one or more genes into a cell. Usually, a desired gene is inserted into a vector, and the vector 
IS then usea to infect the host cell. 

Several researchers have theorized that it might be possible to create chimeric genes which are 
capable of bemg expressed in plant cells, by using promoters derived from plant virus genes. See eg 
Hohn et al. 1982. at page 216. a "o- o.y.. 
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However. cesD-te the efforts of numerous researcn teams, prior to tnis invention no one had succeeded 
■n (1) creating a cnimenc gene compnsing a p.ant virus promoter ccuoiea to a heterologous structural 
sequence ana (2) demonstrating the expression of such a gene in any type of plant cell. 

Cauliflower Mosaic Virus (CaMV) 

me entire DNA seouence of CaMV has been puolishea. Gardner et al. 1981- Hohn et al 1982 In its 
most common form, the CaMV genome ,s about 8000 bo long. However, various naturally occurring 
infective mutants which have celetea about 500 bp have oeen aiscoverea: see Howarth et al 1981 The 
entire CaMV genome >s transcribed into a single mRNA. with a seaimentation coefficient of 32S The 
promoter for the 32S mRNA is located in the large intergen.c region aoout 1 kb counterclockwise from Gap 
1 (see Guiiiey et ai. 1982V ^ 

I ,hr?nTv/m °T^^V° " corresponaing genes are designated as Genes 

I througn VIII. Gene VI is transcnbed into mRNA with a seaimentation coefficient of 195 The 19S mRNA is 
iranscnoed into a protein designated as P66. which is an inclusion coay protein. The I9S mRNA is 
promoted by tne 19S promoter, located about 2.5 kb counterclockwise of Gap 1. 

SUMMARY OF THE INVENTION 

This invention reiates to cnimenc genes wmch are caoaoie of being e.xoressea in oiant ceils ana to a 
nethoa for creating sucn genes. 

The cnimenc gene comprises a promoter region wnich is capable of causing RNA polymerase in a 
oiant cell to create messenger RNA corresDonoing to the DNA. One such promoter region compnses a 
.^opaline syntnase (NOS) promoter region, which normally exists in certain tyoes of Ti plasmids in bacteria 
A. tumetaciens. The NOS gene normally is inactive wnile contained in A. tumefaciens cells, and it becomes 
active after the T. plasmid enters a plant cell. Two other promoters ha^^i oeen derived from the cauliflower 
mosaic virus iCaMV). Other suitable promoter regions may be derived from genes which exist naturally in 
plant cells, or rrom viruses which are capable of infecting piant cells. 

oJ,T l^T"" ^ sequence of bases which codes for a 5' non-translated region of 

mRNA which IS capable of enabling or increasing the expression in a plant cell of a structural sequence of 
the mRNA. For examoie. a suitable 5' non-translated region may be taken from the NOS gene from a plant 
virus gene, or trom a gene which exists naturally in plant cells. 

The cnimenc gene also contains a desired structural sequence. ,.e.. a sequence which is transcnbed 
into mRNA wmch is capable of being translated into a desired polypeptide. The structural sequence ,s 
Heterologous w„h resoect to the promoter region, ana it may code for anv aesired oolypeptide such as a 
oactenai or rr^ammanan protein. The structural sequence includes a start ccaon and a stop coapn The 
structural seouence may contain mtrons which are removea from the mRNA onor to translation 

The Chimeric gene also contains a DNA sequence which codes for a 3' non-translated region (including 
a poly-adenylatioh signal) of mRNA. This region may be derived from a gene which is naturally expressed 
in plant cells, to help ensure proper expression of the structural sequence. Such genes include the NOS 
gene, plant virus genes, and genes which exist naturally m plant cells. 

The method of this invention is descnbed below, and is summarized in the flow chart of Figure 2 
If properly assembled and inserted into a plant genome, a chimeric gene of this invention will be 
expressed in the plant cell to create a desired polypeptide, such as a mammalian hormone, or a bacterial 
enzyme which confers antibiotic or herbicide resistance upon the plant. 

Brief Description of the Drawings 

The figures herein are schematic representations: they have not been drawn to scale, 
^'9"^e 1 fepresents the structure of a typical eukaryotic gene. 

^^^^,2 if/ 'lo'^ chart representing the steps of this invention, correlated with an example chimeric 
inUS-NPTII-NOS gene. 

1 represents fragment Hindlll-23. obtained by digesting a Ti plasmid with Hindlll 
Figure 4 represents a DNA fragment which contains a NOS promoter region, a NOS 5* non-translated 
region, and the first few codons of the NOS structural sequence. 


10 


EP 0 131 623 B1 


Figure 5 reoresenis me cleavage of a DNA seauence at a orec.se location, to obtain a DNA fracment 
wnich contains a NOS oromoter region ana complete 5' non-transiatea reaion. 

Figure 6 represents the creation of plasmids pMONIOOl ana cMON40. wnich contain an NPTII 
structural sequence. 

F^ 7 represents the insertion of a NOS promoter region into ciasmia o(vlON40. to obtain pMON58 
Figure 8 represents the creation of an Ml3 derivative designateo as M-2. whicn contains a NOS 3' non 
transiatea region and ooiy-A signal, 

9 reoresents the assembly of the NOS-NPTII-NOS cnimenc gene, ana the insertion of the 
Chimeric gene into piasmia ofVIONSB to obtain plasmias dM0N75 ana cMON76. 

Figure 20 represents the insertion of the NOS-NPTII-NOS cr.imeric gene mto plasmid pMONl20 to 
obtain plasmids 0MON128 ana 0M0N129. vjm.^u lo 

11 represents the creation of plasmid pMON66. which contains an NPTI gene. 
'"j^"^® H represents the creation of plasmid pMON73. containing a cnimeric NOS-NPTII sequence 
'"'^"'"^ !1 reoresents the creation of plasmid pMON78. containing a cnimenc NOS-NPTI sequence 
^pj^ ^neT"^"'' "'^'"'"'^ PMON106 ana olvlONIO?. wmch contain chimeric NOS- 

Figure ^5 represents the insertion of a chimenc NOS-NPTI-NOS gene into pMON120 to obtain 
plasmias pMONI 30 ana DfvlON 131. -^^ lu ooiain 

Figure 16 reoresents the structure of a DNA fragment containing a soyoean orotein (sbss) promoter 

^'■'^^"^ LL '■^presents tne creation of plasmid d(W10N121. containing tne SDSS oromoter. 

F^ 18 reoresenis the insertion of a cnimenc sbss-NPTII-NOS gene into DfVlONl20 to create 
plasmias DIV10N141 ana c(v10N142. i^u lo create 

F_igure 19 reoresents tne creation of olasmio pMONIGS. containing a covine orowth hormone structural 
seauence ana a NOS 3' region. ' =uuv,iuidi 

F^ 20 reoresents the creation of plasmid N25-BGH. -.vmcn contains the BGH-NOS seauence 
surrounoed by seiectea cieavage sites. 

^J-^ il represents the msenion of a chimenc sbss-BGH-NOS gene into DMON120 to obtain plasmids 
pMONl47 ana pM0N148. k ^ 

^^^^^ — represents the creation of plasmid pfV10N149. wmch contains a chimenc NOS-BGH-NOS 

'''^"re 23 represents the creation of plasmid pIVIONS. which contains a structural seauence for EP<5P 
synthase. 

Figure 24 represents the creation of plasmid pMON25. whicn contains an EPSP synthase structural 
sequence wun several cleavage sites near the start codon. 

Figure 25 represents the creation of plasmid piylON146. whicn contains a cnimenc seauence comons- 
ing EPSP syntnase ana a NOS 3' region. 

^ £! represents the insertion of a chimenc NOS-EPSP-NOS gene mto DMON120 to obtain plasmia 

^'^^''^ £1 reoresents the creation of plasmia DMON154. wnrcn ccntains a cnimenc sbss-EPSP-NOS 
gene. 

Ftgure 28 represents the creation and structure of plasmia dMON93. which contains a CaMV 19S 
promoter. 

,^J.!^ 29 represents the creation and structure of plasmid pMON156. which contains a chimenc CaMV- 
(19S)-NPT-N0S gene. 

Figure 30 represents the creation and structure of plasmid pMONllO, which contains a partial NPT 
gene. ^ 

^,^52^ ^ represents the creation and structure of plasmid pMON132. which contains a partial NPT- 
NOS gene. 

fif!^ g^represents the creation and structure of plasmid plvlQNISS. which contains a chimenc CalwIV- 
(19S)-NPT-N0S gene. 

Figure 33 represents the creation and structure of plasmid pDMONSl. which contains a CalVIV 32S 
promoter. 

Figure 34 represents the creation and structure of plasmid pMONl25. which contains a CaMV 32S 
promoter. 

Figure 35 represents the creation and structure of plasmid pMON172. which contains a CaMV 328 
promoter. 

Rgure 36 represents the creation and structure of phage Ml 2. which contains a CaMV 328 promoter 
Figure 37 represents the creation and structure of plasmids pMON183 and pMON184. which contain 
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■:nimeric CaMV(32S)-NPT-NOS genes. 


-15 


50 


55 


DETAILED DESCRIPTION OF THE INVENTION 

'JLlZeZe'T " ' '''''''' -"-^ ""'--d the 

1. a promoter region and a 5' non-transiated region derived from a nooaiine synthase (NOS) gene- 
^. a structural sequence derived from a neomycin phosphotransferase (I (NPTII or NPT ID gene- and 
J. a 3 non-transiatea region, including a ooiy-aaenylation signal, denvea from a NOS aene 
mis Chimeric gene, referred to herein as a NOS-NPTII-NOS gene, was assempiea ano inserted into a 

vanety of plant cells, causing them to become resistant to ammoglycosioe antibiotics sucn as kanamycin 
The method used to assemble this chimeric gene is summarized ,n the flow cnan of Figure 2 and 

• l":Z"° " " "° '^'^'^ unoerstanoing the sZl oi "is 

= method, various plasmios and fragments involved in the NOS-NPTII-NOS chimeric aene are cL in 
■arerjtheses in Figure 2. However, the method of Figure 2 is applicable to a wide vanety'of other ptesmid 
.no fragments. To further assist the reaaer. the steps shown in Figure 2 have oeen assigned carut 

^ - V 0 ant wn ch m 'T""" ^° " transformation of a wioe vanety of cants, melding 

any Plant wnich may be inrectea py one or more strains of A. tumefaciens or A. rnizogenes. 

The NOS Promoter Region ana 5] Non-iransiateo Region 

The Applicants decided to obtain and utilize a nopanne synthase (NOS) cromoter reoion to control the 
.:<oress,on or the heterologous gene. The NOS is normally carried in certain tvpes of Ti ^lasm^as such as 

nt'Je NOS f ' " - - ' tumefac^s ce! Th 

.ntire NOS gene, including the promoter ana the protein coding seouence. ,s withirTt he T-DNA po rtion of a 
T, oiasmid hat is inserted into the cnromosomes of plan, cells when a plant becomes infected and o ms a 
o ar..'.? r ^'^"^ ^'^^ ^^9'°" ^-<^'^ f^-^A coiymerase w°thTn a 

?;rNOS enzyme" """" ^uoseouently translated into 

The boundaries between the different parts of a promoter region (shown m Figure i as association 
reg-on 2. intervening region 4. transcnotion initiation seguence 6. and intervening reaion 8) and he 
coundary between the promoter region ana the 5' non-translated region, are not fullv 'unaer tood The 
.Aooiicants oeciaed to utilize the entire promoter region and 5' non-translatec region from the NOS gene 
•vnicn IS known to be expressed ,n oiant ceils. However. ,t is entirely possioie that one or more of These 

Z:Znrll T"' """"""^ " '^"9'" °^ -eoiacement bv other 

n ,n promoter regions ana 5' non-transiatea reaions nave oeen studied in 

■h^l'n ' ^' " mammalian cells (see. e.g.. McKmant. 1982). By utilizing 

eoionf an. V ' '"T " " ""'^ ''"^^'^'^ '° ^'^^^ °* moaifications to promoter 

'ncrplTh ^«5.ons on the expression of genes ,n plant cells, it may be possible to 

.nc ease the expression of a gene in a plant cell by means of such modifications. Such modifications ° 
oerformed upon chimeric genes of this invention, are within the scope of this invention 
.„ml™ "^"'^"^ tumor-inducing plasm.d. designated as pTiT37, was isolated from a strain of A 
SraFh^S ' '^"^'"^ ''''' <^'9ested wi.n the endonucleas^ 

he Lin? i"'""''"""' ^'"'^ '^'^'"^"'^ on a gel, and one of 

J aamenrbecaur --^/^-"-^ '^^ Qel. This fragment was designated as the Hindlll-23 

hi ""^"""^ ""^^ approximately the 23rd largest fragment from the Ti plasmid: it is approximately 
3400 base pairs (bp) ,n size, also referred to as 3.4 kilobases (kb). From work by others (see e g 
incl^dno^n: '''' "'"'"'-'^^ '^^^ment contair,ed the entire NOS gene 

stooTaVn ZTT " ^«9ion. a structural sequence with a start codon and a 

stop codon. and a 3 non-translated region. The Hindlll-23 fragment is shown in Figure 3 

fraomlnt'^cTid hlT°"f ."'r'^^ '""^ sequencing experiments, it was determined that the Hindlll-23 
fragment could be digested by another endonuclease. Sau3a. to yield a fragment, about 350 bp in size 
NOS .r.f' ' NOS-promoter region, the 5' non-translated region, and the first few codon o the 
NOS structural sequence. This fragment was sequenced, and the base sequence Is represented in Fiqu e 4 
The start codon (ATG) of the NOS structural sequence begins at base pa' 301 with,rthe ' s^bP Sent' 


12 


EP 0 131 623 B1 


The Appricants aec.aed ,o cleave the rragment oeiween oase oa.rs 300 ana 301: th.s would orov.ae them 
:vah a rragment about 300 base pa.rs ,cng conta,n,ng a NOS promoter region ana the en "e 5 non 
transiatec region but with no translated bases. To cieave the 350 bp fragment at precisely the nght locarn 
the Applicants obtained an M13 clone designated as SIA. and utilized the orocedure described Sow 

10 create the SIA clone. Dr. Michael Sevan of Washington University convened the 350 bo Sau3a 
rragment into a single strand of DNA. This was done oy utilizing a virus vector, designated as the M13 mp2 
pnage. wmcn goes through both douole-stranded ,as, and singie-stranded ,ss, stages in its l^e cycle 

TrMi3 mo2 •''h'h' '"""^'^ ^o^^'e-stranded rlpHcative form DNA 

ot the M13 mD2. wn.ch had been cleaved with BamHI. The two fragments were iigated. and used to infect 
E coll ceils. Tne ds DNA containing the 350 bp insenea fragment subseauentiv reoiicated. and one strand 

Te:Z:7Z''XoTr"'' -'^^ aes,gnated ,he sS. is 

.n,lr . w ^ '"^ '^0'^ '"fected ceils were 

isolated, and orovided to the Aoplicants. 

Smgie stranded SIA DNA. containing the anti-sense 350 bp fragment with the NOS promoter region 
was isolated from the viral particles ana sequenced. A ,4-mer oligonucleotide pnmer was synthSed 
using puDlishea procedures (Beaucage and Carruthers. 1981. as modified by Adams et al 1982) Thfs 14 
,_ner was oesignea to be complementary to bases 287 through 300 of the 350 bp fragment, as shown on 

by an'rstensr °' ''^ ^adioaciiveiy laoeiled w„h ^^P: this is represented in the figures 

- -e^e mixed wuh cooies or the singie-stranded SIA DNA containma the anti-sense 

..rano or the 350 bp rragment. The pnmer anneaiea to tne cesirea region of the SIA DNA a- shown at the 
•op or Figure After this occurred. Klenow DNA polymerase and a controlled auantitv or uniabelled deoxy- 
nucieosiae monosphates (dNTP's). A. T. C. and G. were added. Klenow oolymerase aaoed nucleotides 'o 
■he 3 (uniaoeiied. enc of the pnmer. out not to the 5' (labelled) end. The result, as snown m Figure 5 was a 
arcuiar looo oi s.ngie-stranded DNA. part of which was matchea by a seconc strana of DNA The 5' end of 
.he second strand was located opposite base #300 of the Sau3a insert 

The partially double-stranded DNA was then digested by a third enaonuciease. Haelll. wh.ch can cleave 
both singie-stranoed and double-stranoed DNA. Haelll cleavage sites were known to exist in several 
locations outside the 350 bp insert, but none existed msiae the 350 bp insert. This created a fragment 
naving one oiunt ena. and one 3' overhang which started at base >^30^ of the Sau3a insert 

The Haelll fragment mixture was treated with T4 DNA polymerase ana uniabelled dNTP's This caused 
the singie stranded portion of the DNA. wnicn extended from base #301 of the Sau3a insert to the closest 
Haelll cleavage site, to be removed from the fragment. In this manner, the ATG start cooon was removed 
■ rom^oase oair .^300. leaving a blunt end couble-stranaea fragment wmch was approximately 550 bo long 

. ne mixture was then digested by a roiirth enoonuciease EcoRI. whicn cleaved the 550 bo fraoment at 
a singie site octsiae. the NOS promoter region. The fragments were then separated Dv size on a gel and 
he raaioactiveiv-iabeiled fragment was .soiated. This rragment containea the entire NOS oromoter region 
ana 5 non-transiatea region. It had one biunt ena w.ih a sequence of 

5 ' - . . . CTCCA 
. . .GACGT 

and one cohesive end (at the EcoRI site* with a sequence of 

5 • AATTC- 

G- ■ 


The shorter strand was about 308 bp long. 

The foregoing steps are represented in Figure 2 as steps 42, 44. and 46 
Figu^Tz ""^^ P'^ON40 (which is descnbed below) to obtain pMON58. as showo^ 
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Creation of plasmig with NPT II gene (pMON40) 

A bactenat transposon. aesignated as Tn5. is known to contain a corriDiete NPT II gene, including the 
promoter region, suucturai seouence. and 3' non-transiated region. The NPT II enzyme inactivates certain 
aminoglycoside antibiotics, such as kanamycin. neomycin, ana G418: see Jimenez ana Davies. 1980. This 
gene is containea withtn a 1.8 kb fragment, which can be obtained by aigesting phage lambda bbkan-l 
DNA (0. Berg ei ai. 1975) with two endonucleases. Hindlll ana BamHI. This fragment was inseaea into a 
common laboratory piasmid, pBR327. which had been aigesiea Dy Hinalll and BamHI. As shown m Figure 
6. the resulting piasmio was designaiea as pMONIOOI. which was about 4.7 kb. 

To reauce me size of the DNA fragment which earned the NPT 11 structural seouence. the Aoplicants 
eliminated aooui 500 bp from ihe pMONIOOl piasmid. in the following manner. First, they Digested 
pMONIOOI at a uniaue Smal restnction site which was outside of the NPT il gene. Next, they inserted a 10- 
mer synthetic Oligonucleotide tinker. 

5' CCGGATCCGG 
GGCCTAGGCC 

into the Smal cleavage site. This eliminated the Smai cleavage site and reoiaced it with a BamHI cleavage 
site. A secona BamHI cleavage site atreaay existed, about 500 bo from the new BamHI site. The Applicants 
aigestea the oiasmia with BamHI. separated the 500 bo fragment from the 4.2 kb fragment, and circularized 
■he 4.2 kb fragment. The resulting piasmias were insertea mio E. coli. which were then selected for 
-esistance to amoiciiiin ana kanamyctn. A clonal coiony of E. coii ^ai~seiected: these cells contained a 
piasmio which was aesignated as pMON40, as shown m F\gure6. 

The foregoing steos are reoresented in Figure 2 as steps 48 ana 50. 

Insertion of NOS oromoter into oiasmid pMON40 

The Applicants deleted the NPT II promoter from pMON40. and replacea it with the NOS promoter 
fragment descnbeo previously, by the following method, shown on Figure 7. 

Previous cleavage and sequencing expenments (Rao ana Rogers. 1979: Auerswald et al. 1980) 
indicated that a Bglll cleavage site existed in the NPT II gene between the promoter region and the 
structural seouence. P!asmia pMON40 was digested with Bglll. The cohesive ends were then filled in by 
mixing the cleavea piasmid with Klenow oolymerase and the four aNTP's. to obtain the followmq blunt 
ends: 

5' - AGATC GATCT- 

- TCTAG CTAGA-5' 

The polymerase and dNTP's were removed, and the cleaved piasmid was then digested with EcoRI. The 
smaller fragment wmch contained the NPT II promoter region was removed, leaving a targe fragment with 
one EcoRI ena and one blunt end. This targe fragment was mixed with the 308 bp fragment which 
contained the NOS promoter, aescnbed previously and shown on Figure 5. The fragments were tigated. and 
inserted into E. coli. E. coli clones were selected for ampicillin resistance. Replacement of the NPT II 
promoter region (a bacterial promoter) with the NOS promoter region (which is believed to be active only in 
plant cells) caused the NPT II structural sequence to become inactive in E. coli. Plasmids from 36 
kanamycin-sensitive clones were obtained: the piasmid from one clone, deslgnited as pMON58. was 
utilized in subsequent work. 

The foregoing steps are represented in Figure 2 as steps 52 and 54. 

Piasmid pMON58 may be digested to obtain a 1.3 kb EcoRI-BamHI fragment which contains the NOS 
promoter region, the NOS 5* non-translated region, and the NPT 11 structural sequence. This step is 
represented in Figure 2 as step 56. 

Insertion of NOS 3^ sequence into NPT II gene 
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-r. nn,TT"°"'° ^""'^ 'u "^^"'^^rouna Art", the functions of 3' non-trans.atea rea.ons in eucarvot.c genes 

^JlZZ '""^ Applicants that a gene having a bactena. 3' non-translated region might not be 

"c Nol ' n"rn ' " "^^'"^ ^ 2" "-'-nslateo reg'on trom a g ne 

uch as NOS wnich >s known to be expressed m plants. Therefore, the Aopiicants aecded to add a NOS l 
non-translatea region to the chimeric gene, m addition to the NPT 11 3' non-translmed rea.on ^r.Lv 
present. Alternately, ,t ,s ooss,b.e. using the methods descnbed herem. to de 4 he NPT H or othe 
ax,stmg T non-translated reg.on and replace .t with a des.reo 3' non-translated reg.on that is known to be 
ZZT, ' '''' °' slateo reg,on tsuch as a 3' eg.on ,^m n 

octopme-type or agropme-type Ti plasm,d. or a 3' reg.on from a gene that normally exists in Tplant ceih 
would te su,taole or preferaole for use ,n any part.cular type of chimenc gene, for use -n an; spec fic type 

•r.nlt!f '""^ ^^'^^'"'"^ ''^^o^g*^ exoerimentation whether the 3' non- 

.ranslated reg.on that naturally follows a structural sequence that .s to be insened into a plam cellTll 
enhance the erf.c.ent exoress.on of that structural sequence m that type of olant ceH. If so tht he tep 
equred to ,nsen a efferent 3' non-translated region into the chimeric gene might not be reared in o de 
to perform the method of this invention. >euuirea in oraer 

^he NPtTL^?"'? ' ' ""^^ '^°"-'^ansiated region aooroonate for ,oin,ng to 

23 Mm! T '""^ '"'"'"'''^^ previously,, the Aoo.icants utilizeo a 3.4 kb Hindllh 

BamHro on .Tr" °" and digested w h 

BarnHI ,o ootain a M .b BamHI-Hindlll fragment containing a 3' ooriion of the NOS structural sequence 
ncluding the stoo coaoni. ana the 3' non-translated region of the NOS gene .including the p^ adenyl^^^^^^ 

BamH T ' '"'^ ^ ^'"^'^ ^'^^"^'^ oioLteo witrnXn^^^ 

Bam HI. The resulting piasmia was designated as pMON42. as snown on Figure 8 

Plasmia p(yiON42 was Digested with BamHI and Rsal. ana a 720 bo fragment containing the desired 
Zl ^^9'°" on a gel. The 720 bp fragment was oigested w th ano er 

endonuclease. Mbol, and treated w„h the large fragment of E. col. DNA ooivmerase I This resumed in a 260 

polyTsZ::" ' '^^^^ ^^^^ "^^'^'^^^^ ^' — nsiatea regl incJ^lg the 

The foregoing procedure is represented m Figure 2 by step 58. However. ,t is recognized that alternate 
means could have been ut.lized: for example. ,t might have been possible to digest the Hindlll-23 frlnmfl^ 
directly w„h Mbol to obtain tne desirea 260 bp fragment with the NOS 3' non-t«d re^o" ' 

Assembly of Chimeric Gene 

To complete tne assemoiy of the chimenc gene. ,t was necessary to iiaate the 260 bo Mbol fragment 
Which containea the NOS 3' non-trans.ated region, to the , 3 kb EcoRI-BamHI fragment from pMONSa 
which containea the NOS promoter region and 5' non-translated region and the NPtT st/uctura' 
sequence,. In oraer to facilitate this ligation and control the onentation of the fragments, the ApZnt 
and an F° p^"' TV""' °' '^^^"^"^ ' '^^ end of the fragmenu 

foTov::g'mj:;oa° ' °' ''''' ^° '^'^ -PP'-nts us'ed the 

oolvmlff °' "^"^'^ '^"'^ "^^^^ converted to blunt ends by Klenow 

va rof o'thTr-r' ^'^'^ ' '^'^^^^^^ -^^^ Sma. site is surrounded by a 

variety of other cleavage sites present in the M13 mp8 DNA. as shown in Figure 8 The Mbol fraqment 

dSfe ent'crer ''''' °' ^boT'agmers n 

different clones were tested, using Hinfl cleavage sites located assymetrically within the Mbol fragment A 
c one was selected in which the 3' end of the NOS 3' non-translated region was located near the Ecom 
Cleavage site in the M13 mpB DNA. This clone was designated as the M-2 clone, as shown in R^ure 8 
280 bo r?nrJr"' ^ "'V"^ ''""^ •^"^ '^'^"^ ^^'^ested by EcoRI and BamHI and a 

'foO tJ7.nZ r" '"^'T- l''^'"'""' P'^^^'^ ^'9ested by EcoRI and BamHI. and a 

ssltJv o rNOs NpVh^^^^^^ '^'9"- ^° ^°-P'«te the 

assembly of a NOS-NPTII-NOS chimenc gene having EcoRI ends. 

RpmlllT ^ ''^"^^ °' ''^^^ '° °f t'le fragments. For example, the two EcoRI- 

BamHI fragments could be joined together with DNA ligase and cleaved with EcoRI. After inactivation of 
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EcoRI. a vector moiecuie having EcoRI enas that were treatea with caif aikatine onosonatase <CAP) may be 
aoaeo to the mixture. The fragments m the mixture may be ligated m a variety of oneniations. The piasmid 
.fixture is usea to transform E. cofi. ana ceils having piasmtds with the aesirea orientation are selected or 
screened, as descnbed beiow, 

A ptasmid. designated as pMON38. was created by insertion of the Hinalll-23 fraament (from Ti piasmid 
pTiT37) into the Hindill cleavage site of the piasmid pBR327. Plasmia pMON38 contains a unique EcoRI 
site, ana an amoiciiiln-resistance gene wnich is expressea in E con. Piasmid pMON38 was cleaved with 
EcoRI ana treatea with alkaline phosphatase to prevent it from re-iigating to itself. U.S. Patent 4.264,731 
'Shine. 1981). The resulting fragment was mixeo with the 1300 bp NOS-NPTII fragment from pMON58 and 
the 280 bp NOS fragment from M-2. wnicn haa been ligated ana EccRI-cleavea as described in the 
previous paragraph. The fragments were ngated. ana inserted into E. ccn. The £. coii ceils which had 
acquired intact plasmids with ampiciilin-resistance genes were seiecTea"^ plated c"omaining ampicillin 
Several clones were selectea. and the orientation of the inserted chimeric genes was evaluated by means 
or Cleavage exoenments. Two clones having plasmids carrying NOS-NPT li-NOS inserts with opposite 
orientations were selected ana designatea as dMON75 ana pMON76. as snown m Figure 9. The chimeric 
gene may be isolated by Digesting either pMON75 or pMON76 with EcoRI ana ounfyinq a 1580 br^ 
fragment. ^ 

The foregoing procedure is represented on Figure 2 by step 60. 

This comoietes the aiscussion or the NOS-NPTII-NOS chimeric gene. Additional information on the 
creation of this gene is proviaea in the Examples. A copy of this cntmenc gene is containeo in plasm.a 
PMON128: it may be removea from DMON128 by Digestion w.ih EcoRI. A culture of E. coli containing 
0MON128 has oeen aeoositeo wuh the American Type Culture Collection: :nis culture nas oiin assiqnea 
accession numoer 39264. 

To Drove the utility of this cntmenc gene, the Aopiicants inserted it into oiant ceiis. The NPTII structural 
seauence was expressea m the piant ceiis. causing them ana their oescenaanis to acauire resistance to 
concentrations or kanamycin wnicn are normally toxic to plant cells. 


Creation of NPT I Chimenc Gene 

In an alternate oreferrea embodiment of this invention, a chimenc gene was created compnsing (1) a 
NOS promoter region ana 5' non-translated region. [2) a structural sequence wnicn coaes for NPT I and (3) 
a NOS 3' non-transtated region. 

NPT I and NPT II are Different ana distinct enzymes with maior Differences m their ammo acid 
seouences ana substrate scec.ficities. See. e.g.. E. Beck et al. 1982. The relative staoitities ana activities of 
these two enzymes in various types of plant cells are not yet fully understoca. ana NPT I -nay be preferable 
:o NPT II for use in certain tyoes of exoenments ana oiant transformations. 

A 1200 bo fragment ccntaming an entire NPT I gene was ootainea by ciaesiina cACYi77 (Chang and 
Cohen. 1978) wtth the enaonuciease. Avail. The Avail termini were conveaea to ciunt enas with Klenow 
polymerase, ana convertea to BamHI termini using a synthetic linKer. This fragment was inserted into a 
unique BamHI site in a QBR327.derivea piasmid. as shown m Figure 11. The resulting piasmid was 
aesignated as pMON66. 

Piasmid pMON57 (a deletion denvative of pBR327. as shown in Figure 1 1) was digested with Avail The 
225 bD fragment of pMON57 was replaced by the analogous 225 bp Avail fragment taken from piasmid 
PUC8 (Vieira ana Messing. 1982), to obtain a denvative of pMON57 with no Psti cleavage sites This 
piasmid was designated as pMON67. 

Plasnnta pf\/ION58 (descnbed previously and shown in Figure 7) was digested with EcoRI and BamHI to 
obtain a 1300 bp fragment carrying the NOS promoter and the NPT II structural sequence. This fragment 
was inserted into pMON67 which had been digested with EcoRI and BamHI. The resulting piasmid was 
designated as pMON73. as snown in Figure 12. 

PMON73 was digested with PstI and BannHI, and a 2.4 kb fragment was isolated containing a NOS 
promoter region and 5' non-translated region. Piasmid pMON66 (shown on Figure 1 1) was digested with 
Xhol and BamHI to yield a 950 bp fragment containing the structural sequence of NPT I. This fragment 
lacked about 30 nucleotides at the 5' end of the structural sequence. A synthetic linker containing the 
missing bases, having appropriate PstI and Xhol ends, was created. The pMON73 fragment, the pMON66 
fragment, and the synthetic linker were ligated together to obtain ptasmid pMON78. as shown in Figure 13. 
This piasmid contains the NOS promoter region and 5' non-translated region joined to the NPT I structural 
sequence. The ATG start coaon was in the same position that the ATG start codon of the NOS structural 
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ssauence haa occuoied. 


Plasmid DMON78 was digestea with EcoRI ana BamHI to yieid a 1300 bo franmpnt r.rr. ^r. 
Forr^'-''' ' t'^e M-2 cone <descrea . "0^:30 " 

Zn r '° ^'^'^ ^ 280 bp fragment carrying a NOS 3' non-tran^lateS 

the NOS NPT l-NOS chimeric gene, wnicn was insenea into piasm.a DMON38 (descrioea above* which had 
been digestea w„h EcoRI. The two resulting piasmias. having chimeric qene insens nnnn^ tf 
orientations, were designated as PMON106 and DMON107. as Shown ,n Figure , 4 

Either of olasmids ptviONlOS or pMONlOT may oe digested with EcoRI to yield a 1 6 kh fr.nm^nt 
containing the cnimeric NOS-NPT l-NOS gene. This fragment was inserted Into o asmid oMON 120 S 
naa been o.gested with EcoRI ana treated with alkaline ohosonatase The resui^no oiaTmin. h, 

.anam:c,:.°S:imrateTeTp::sr:^ — ~ to 

^""Q^t'O" 2l ^^''"^^"c Gene with Soyoean Promoter 

In an alternate oreferreo embodiment of this invention, a chimenc gene was created comorisma l^^ ^ 
^s fir'" a gene which naturallv exi ts Ho oean his gene 

.Odes for the small subun.t of ribuiose-i .5-bis -onosnnate carboxylase tsbss. for sovoean smrsubun.,? S 
= structural seauence wmcn cooes for NPTXano .3) a NOS 3' non-transiated region 

Tne sbss gene cooes for a orotein ,n soyoean leaves which ,s mvoivea' ,n onotosynthetic cartoon 

lota L o r"" " """" '--^ 9 fo aoC , "o/of the 

total leaf protein,, so ,t ,s likeiy that the soss promoter region causes orolific transcnoL 

aJTlf^ oeiievea to be approximately six genes encoding the sbss protein m the sovbean genome 
One 0 the memoers of the sbss gene family. SRS1. which ,s highly transcribed in soybean leaves has 
been cloned ano characterized. The promoter region. 5' nontranslated region, ano a oorl of the structura 

BR325%2aTXf T°: ' ' ' '''' - EcoRI sit of asmS 

l.Tnl n l9^8>;^^he resultant plasmid. PSRS2.I. was a gift to Monsanto Comoany from Dr R B 
Meagner. University of Georgia. Athens. CA. The 2.1 kb EcoRI fragment from pSRS2.1 ,s shown on FPgure 

wKh Bol l tT. I^T '""^''^^ """"^ "°9ers. ,979) which had been cleaveS 

^ith Bglll. The resulting plasmid was Designated as DM0N121 . as shown on Figure 1 7 

Plasmid DM0N,21 was digested with EcoRI ana Bell, and a ,200 bo fragment containmo the sbss 
promoter region was isolated. Seoarateiv. oiasm.o ofV,ON75 (described previous^ ano shown on F^ure 9 

-eduence and a NOS 3 non-transiateo region. The two fragments were iigateo at the comoatibie Bcll Baiii 
overhangs. ,0 create a 2450 bp fragment containing sbss-NPT ll-NOS chimeric aene t' s ragmer-a 
inser ed into pMON,20 which hao been oeaved with EcoRI. to create two plasmids Ling c '^'3 
PM0N,42 " ''''^"^ --Snated as'pMONMt'and 

cells'~:eranc' rrar^^^^^^^ '^^^^ °' "^^"^ P'- 

This successful transformation proved that a promoter region from one type of plant can cause the 
expression Of a gene within plant cells from an entirely different genus, family. anS order of plants 

R^e th.n Imn .K ^^^""^"^ ""'^'"^ ''■^^ '^^^ °' Sbss structural sequence. 

readTno rame T^iTr- '''^""^^'^ ^° '"^^^ ^ =^°P ^^'^-'^ " the same 

bss oolvnTmil. H ' ^ t'""<=3ted amino portion of the 

nrnof ?h r H ' ^^'^ " P^'VP^P^'^^- Expression of the NPT II polypeptide was the firs^ 

proof that a dicistronic mRNA can be translated within plant cells. 

this olLsr^ShaTZn? ^.'^J" P'^^'^"^' P(VI0N154. described below. A culture of E. coli containing 
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Creation of BGH Chimeric Genes 

In an alternate oreferred embodinnent of this invention, a cnimeric gene was createa compnsing (i) a 
sbss promoter region and 5' non-translated region. (2) a structural seauence which coaes for bovine arowth 
hormone iBG») ana (3) a NOS 3' non-transiateo region. This chimeric gene was created as follows. ' 
A structural seauence which codes for the ooiypeptiae. bovine growth hormone, (see e g Woycnik et 
1982) was inserted into a DBR322-derivea oiasm.a. The resulting p.asmid was designatea as ptasm.d 
CF-1. This piasmio was digested with EcoRI ana Hindlll to y.eid a 570 bo fragment containing the structural 
seauence. Douoie stranded M-2 RF DNA (described previously and shown in Figure 8) was cleavea with 
EcoRI ana Hinaill to yieid a 290 bp fragment wn.cn containea the NOS 3' non-translated region with a ooiv- 
aaenyiation signal. The two fragments were iigatea together ana aigestea with EcoRI to create an 860 base 
pair fragment w.tn EcoRI enas. which containea a BGH-coaing structural seauence joined to the NOS 3' 
non-transiatea region. This fragment was introauced into oiasmid plV10N38. which had been aigestea with 
ccoRI ana treaiea with aikaiine phosphatase, to create a new piasmid. aesignated as pIviON 108 as snown 
in Figure 19. 

A unigue BgIII restruction site was introduced at the 5' end of the BGH structural sequence bv digestmq 
pf^ON 108 with EcoRI to ootain the 860 bp fragment, ana using Klenow oolymerase to create blunt enas on 
the resulting EcoRI fragment. This fragment was Iigatea into plasmid N25 (a denvative of pBR327 
containing a syntnetic iinl<er carrying Bglll and Xbal cleavage sites inserted at the BamHI site) which nad 
been cieavea w,tn Xbal ana treated w,th Klenow polymerase to obtain blunt enas (N25 contains a uniaue 
Bglll site locatea 12 bases from the Xbal sitei. The resulting plasmid. which contained the 860bp BGH-NOS 
rragment in the orientation snown in Figure 20. was aesignatea as oiasmia N25-BGH. This oiasmid contains 
a unioue Bglll cteavage site locatea about 25 bases from tne 5' ena of the BGH structural sequence 

Piasmia N25-BGH preparea from aam- E. coli cells was digested with Bglll ana Clal to yield an 860 bo 
rragment wnicn containea the BGH structural sequence joined to the NOS 3' non-transiated reqion 
Separately, piasmia pM0Nl2l (descnbed previously ana shown m Figure 17) was preparea from oar^- e' 
c_oii cells ana was aigestea with Clal and Bell to create an iiOO bp fragment which contained the spsl 
promoter region, i ne fragments were Iigatea at their compatible Bell. Bglll ovemangs. and digested with Clal 
to yield a Clal tragment of about 2 kb containing the chimenc sbss-BGH-NOS gene. This fragment was 
inserted into p|yiONi20 (descnbed previously and shown in Figure 10) which had been digested with Clal 
Jf^If^""""^ p:asmids. containing the inserted chimenc gene m opposite orientations were designated 
PIV10N147 ana ctv10Nl48. as shown in Figure 21. ' 

An altemate cnimenc BGH gene was created which contained (1) a NOS promoter region and 5' non- 
transiatea region. (2) a structural sequence which codes for BGH. ana (3) a NOS 3' non-translated reqian 
by the following method, shown in Figure 22. 

PlasmiG DfvlON76 (descnbed above and shown in Figure 9) was digested with EcoRI and Bglll to ootain 
a 308 bo tragment containing a NOS promoter region ana 5" non-transiated region. Plasmid N25-BGH 
preoarea from cam- E. coii ceils (descnoed aoove ana shown m Figure 20) was aigestea with Bglll ana Clal 
;o ootain a 900 co fragment containing a BGH structural seauence ana a NOS 3' non-transiated reaion 
inese two fragments were ligated together to obtain a cnimenc NOS-BGH-NOS gene m a fragment with 
EcoRI ana Clal enas. This fragment was Iigatea with an 8 kb fragment obtained by digesting pMON120 with 
EcoRI and Clal. The resulting piasmid. designated as p(yiONl49. is snown m Figure 22. 


Creation of Chimeric NOS-EPSP-NOS Gene 

In an alternate preferred embodiment, a chimeric gene was created comprising (1) a NOS promoter 
region and 5' non-translated region, (2) a structural sequence which codes for the E. coli enzyme 5-enol 
pyruvyl shikimate-3-phosphoric acid synthase (EPSP synthase) and (3) a NOS 3' nonTraT^ilated region. 

EPSP synthase is believed to be the target enzyme for the herbicide, glyphosate. which is marketed by 
Monsanto Company under the registered trademark. "Roundup." Glyphosate is known to inhibit EPSP 
synthase activity (Amrhein et al. 1980). and amplification of the EPSP synthase gene in bacteria is known to 
increase their resistance to glyphosate. Therefore, increasing the level of EPSP synthase activity in plants 
may confer resistance to glyphosate in transformed plants. Since glyphosate is toxic to most plants, this 
provides for a useful method of weed control. Seeds of a desired crop plant which has been transformed to 
increase EPSP synthase activity may be planted in a field. Glyphosate may be applied to the field at 
concentrations wmch will kill all non-transformed plants, leaving the non-transformed plants unharmed. 

An EPSP synthase gene may be isolated by a variety of means, including the following. A lambda 
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""f • °^ ^'^^'^'^ ^ ^^^'^'y °^ ^f^^ fragments oroducea bv Hindlll cleavaae of E 

coll DNA. See. e.g.. Maniatis et al. 1982. cieavage of E. 

..JJ't^^^^^ ^'^^"'^^^^ ^^"^ " '""'''^ production Of aromatic ammo 

aads. These genes are oes.gnated as the "aro" genes: EPSP syntnase ,s designated as aroA Ce 's ch 
do not contain -unctionai aro genes are des.gnatea as aro- ceils. Aro- cells must normiiifbe grown on 
media suopiemented by aromatic ammo acids. See PittaraiSa Wallis~T966. 

Different lamoda phages which carry vanous Hindlll fragments may be used to infect mutant E coli 
cens wnicn ao not have EPSP synthase genes. The infectea aro- ceils may be cultured on meaia^rS 
does not contain the aromatic ammo acds. and transformea aro" ciones wh.ch are caoable of qrowma on 
sucn meoia may be selected. Such clones are likely to contiI?rrne EPSP synthase gene Phaae oamcles 
may be isoiatea from such clones, ana DNA may be isolated from tnese ohages. The ohage DNA r^av be 
Cleaved w.th one or more restriction enaonucieases. ana by a graauai process of analysis a fraoment which 
contains me EPSP syntnase gene may be isolated. 'ragment which 

Using a procedure similar to the method summarized above, the Applicants isolated an n kb Hindfll 
fragment whicn containea the entire E coli EPSP synthase gene. This fragment was digested with Bq II to 
produce a 3.5 kb Hinalll-Bglll fragmen" which contained the entire EPSP synthase gene ^Jis 3 5 kb 
sS"n Rg^r™ '"'^ ''''' ''''' '° Plasmid%M0N4. whch is 

Plasmio 0M0N4 was aigested with Clal to yield a 2.5 kb fragment wmch contained the EPSP synthase 

::or~!n ^g::^^"' '"^^"^^ ^^^^^^ - 

pfVIONS was a-gestea w.,n BamHI and Ndel to ootain a 4 9 kb fragment. This fragment lackea about 
200 nucieotiaes encooing tne ammo terminus of the EPSP syntnase structural sequence 

The missing nucieotiaes were replacea by l.gating a Hinfl Ndel fragment, obtamea from pM0N8 as 
.hown m Rgure 24. together w.th a synthetic oligonucleotide sequence containing (i) the EPSP svnthase 
start coaon ana the first three nucleotides. (2) a unique Bglll site, ana ,3) the appropriate BamHI ana Hinfl 

BamH. .noTHr? ' ^"^^^ ^'^"'"^^^ ^^'^"^nce w.th unique 

BamHI ana Bgill sites positionea near the start codon. 

Double stranaed IVI-2 DNA (described previously and shown m Figure 8) was digested with Hindlll and 
EcoR to yieia a 290 bp fragment which contains the NOS 3' non-transiated region and poly-adenylation 
signal. Tn,s fragment was introduced into a pMON25 plasmid that haa been aigested with EcoRI ana Hindlll 
to create a ciasmid. aesignated as pMONl46 (shown m Figure 25) which contains the EPSP structural 
sequence loinea to the NOS 3' non-translated region. structural 
PM0N146 was cleavea with Clal and Bglll to yield a 2.3 kb fragment carrying the EPSP ctructural 
sequence ioineo to the NOS 3' non-translated region. pMON76 (aescrioed previously and shown m Fiqure 
9) was aigestea wth Bgill ana EcoRI to create a 310 bo fragment ccntaming the NOS promoter region ana 
5 non-transiatea region. The aPove fragments were mixea w.th Dfv1ONl20 (aescrlbed previously ana shown 
m Figure lO) that naa been aigested with Clal and EcoRI. ana tne mixture was ligatea The resultina 
Plasmia. cesignatea oMON153. ,s snown m Figure 26. This piasmia contains the cnimenc NOS-EPSP-NOS 


gene 


A plasmia containing a chimeric sbss-EPSP-NOS gene was prepareo in the following manner shown in 
anT.n (descnbed previously and shown m Figure 25) was digested with Clal and 

Hgiii. ana a 2.3 kb fragment was punfied. This fragment contained the EPSP synthase structural sequence 
couoled to a NOS 3' non-translated region with a poly-adenylation signal. Plasmid plvlONl21 (described 
above and shown m Figure 17) was digested with Clal and Bell, and a l.l kb fragment was punfied This 

lnd'^nln°"Tr/n^.?' ^' "^^-'^^^^'^^^^ The two fragments were mixed 

and ligated w„h T4 DNA Hgase and subsequently digested with Clal. This created a chimeric sbss-EPSP- 
NOS gene, joined through compatible Bglll and Bell termini. This chimenc gene with Clal termini was 

X?hl«'°,r?oTl''^°'''^° ""'^^''^ -"^^ "'f alkaline 

Phosphatase (CAP). The mixture was ligated with T4 DNA ligase. The resulting mixture of fragments and 

p asmids was used to transform E. coli cells, which were selected for resistance to spectinomycin. A colony 

Of resistant ceils was isolated, and the plasmid in this colony was designated as pMONl54. as shown in 

1 tQur© c/. 

A culture of E coli containing pMONl54 has been deposited w.th the American Type Culture Center 
1 nrs culture has Deen assigned accession number 39265. 


C^'eation of CaMV(l9S)-NPT ll-NOS Genes 
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the P66 prote,r' ^ ^' '^o"^ C-^V n9S) gene, which codes for 

,nT.rn„rATr"" """""^ ''""^ ^"^^ '^^^^ 5'"^' "^'^'"^'"^ ATG Stan coaon ana several 

internal ATG seouences. ail of which were m the same frame as a TGA termination seouence immeaUTv 
insiae the aesireo ATG stan coaon of the NPTII gene: immea.ately 
3. a structural sequence denvea from a neomycin pnospnotransferase II fNPT [\) gene- this seouence 
was oreceaed by a spunous ATG seouence. wh.ch was in the same reaaing frame as a TGA sequence 
witnin the NPT II structural sequence: ana. sequence 

.NOSJg^ene."""""'""^'^" '"^""^'"^ ^ PO-yadenyiation signal, cenvea from a nopaline synthase 

^MON^Tir'"" '° CaMV(i9S)-NPTII-N0S gene, was insened into plasmid 

. - '^^"'""'""^ " '^^'^ea a co-integrate Ti plasmid by 

means ot a single crossover event with a Ti plasm.a in the A. tumefaciens ce.l. The cmmeric gene ,n the 

D°Nrbordrrs°'^'""'* ""^^ ^ """^'''^^ "^'^^^ O'^^mia. surrounaed by left and right T- 

A similar chimeric gene was createa ana assemblea in a piasm.a aesignatea as DMON155. shown in 
Figure 32 ana aescrioea m E.xamoie 10. This chimenc gene resemoiea the gene ,n ofv10N156. with two 

.-M'vnQ%>"'°"""'°'°^ "'^^^ ^^^'^'"^ '^^2 "^^s^ea between the 

-aMVdSS) partial structural sequence ana the NPT II structural sequence: ana. 

2. the spurious ATG sequence on the 5' siae of the NPT II structural seouence was deleted 

The construction or this chimeric gene .s descnbea ,n Example 10. This gene was mserteo into A 

■Ajmetaoens ceils ana supseauentiy mto plant ceils. Its levei of expression was apparently higher than thi 

expression of the similar gene m pMONl56. as assayed by growth on higher concentrations of kanamycin 

A. tumefaciens ceils containing co-mtegrate Ti::pMON155 plasmids have oeen aepositea w„h the American 

Type Culture Center, ana have been assignee ATCC accession numoer 39336. 

'^'•eation of Chimenc CaMV(32S)-NPT ll-NOS Genes' 

in an alternate oreferrea emboaiment of this invention, a chimeric gene was createa comonsing 

(1) a promoter region which causes transcnption of the 32S CaMV mRNA: 

(2) a structural sequence whicn coqes for NPT II: ana 
i3) a NOS 3' non-transiatea region. 

The assemoly of tn.s cnimeric gene is aescribea in Example 1 1 ana Fiqures 33 throuqn 37 This qene 
was insertea into plant csits ana it causea them to become resistant to Kanamvcm ' 

Petunia plants cannot normally be infectea by CaMV. Those SKiiled m the art may determine through 
outine expenmentation whether any particular plant viral promoter (such as the CaMV promoter, w,ii 
function at satisfactory levels in any particular type of plant ceil, inclua.ng plant ceils that are outside of the 
normal host range of the virus from which the promoter was denved. 


"^Qsns for Inserting Chimenc Genes Into Plant Cells 

A variety of methods are known for inserting foreign ONA into plant cells. One sucn method, utilized by 
the Applicants, involved inserting a chimenc gene into Ti plasmids carried by A. tumefaciens. and co- 
cuitivating the A. tumefaciens ceils with plants. A segment of T-DNA carrying Th e chimeric g ene was 
transferred into the plant genome, causing transformation. This method is described in detail in two 
,wr?«?^ocfc.\''^'!"!^^''''''^^"°"^ "Plasmids for Transforming Plant Cells." senal number 458.411 

(WO84-02919) and Genetically Transformed Plants." senal number 458.402. (WO84/02920) both of which 
were filed on January 1 7. 1 983. 

A variety of other methods are listed below. These methods are theoretically capable of inserting the 
Chimeric genes of this invention into plant cells, although the reported transformation eHiciencies achieved 
\ .T^-l^?'^^ ^^"^ "^^^ 9®"®s of this invention (especially those chimeric 

genes such as NPT I and NPT II. which may be utilized as selectable markers) are likely to facilitate 
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c 

still 


asearcn on methods of insemng DNA Into oiants or oiant cells. 

-.,Jh 1°"^ tecnn.oue tor msen.ng DNA Into plant ceils involves the use of lloid vesicles also 

.a^ed hposomes. L.posorries may be utilized to encapsulate one or more DNA mo.ecuies The l^ot.m!^ 
and the.r DNA contents may be taken up by p.ant cells: see. e.g.. Lurauir,. ,981. If the'n ene, oNrc^Tb! 
mcorporated into the plant genome, replicated, and mhented. the plant cei.s w,.i be tranSormed 
Fr.il^ TTo T "'^ "o°somes to deliver DNA into plant ceils have not met with great success 
F a ey and Papahad.opoulos. i98l). Only reiat.vely small DNA moiecuies nave oeen transferred nto plant 
-e s by means o liposomes, and none nave yet been expressed. However. liPPsome-oeLeTShn^L' ^ 
^till being actively developea. ana it ,s likely that methods w.ll be ceveiooeo for transferr np p^sLs 
:ontain.ng the chimeric genes of this invention into plant ceils by means invoiv.no liposomes ' ' 

^. Other alternate techmoues involve contacting piant cells with DNA wmch is comp.exed with either ra> 
9^ T""- 'D-vey et al. 1980). or ,b, caicium phosphate Krens e a 

^c'veiyirarc^g"^""^ °^ transformation achieved to date have oeen low. tf^ese methods are st". being 

olant' celirsuch mlth'o^." °' ""'^^ P'asmids. with 

.lant cells. Such methods involve converting the bactena into spherooiasts ano convenina the oiam r.Z 
-to protoplasts. Both of these methods remove the cell wall barner from the bacter^aTand Int 
enzymic digestion. The two cell types can then be fused together by exposure to cTercalten^ uch as 
00 wene glycol. See Hasezawa et al. ,981. Although the transformation efficincTeTac leved o dme bv 

°' — - -ma, ceilsre^orj 

^ectric-current-inauceo uptake of DNA by anima, ce„s (Wong and Neumann. i982rMhough eilr o 

^^Tn^s^fTh^rer ,^rp,:rcSs^° '° ^^-^ - ^° ^~ 


i^eaning of Various Phrases 

and co::;ate ofrcTlt'" " ^'""^ ""^^ ^° --"V the meaning 

-nnhrltn??'"^ '"^ '"'s^P^eted with reference to the text and figures of this 

tl T: T " ' '^^^'^^V °' '^^'"s ^^a-e developed which are u ed 

•nconsistently ,n the literature. For example, a variety of meanings have evolved for the terr^ "promo er" 

me ot wnich include the 5' non-translated region and some of which do no,. In an efirr^^Lvoid probtms 
. .nteroretation, me Aoplicants nave attempted to define various terms. However, sucn SfSnsTe not 

"hTLm"'r'° '° — enensive and they snail be interpreted in noh, of the reie an "e afufe 

Afferent Zn n '° ' '''' ^' ''^at were denved from 

oirferent ana distinct genes. As used herein, this term ,s limited to genes whicn have oeen assembpT 
synthesized, or otherwise produced as a result of man-made efforts, and any genes wh ch are repi^aTe^o^ 

s/eTtf "'"'"■"^"^ '"^'^^^ other bioog pr - 

.esses. If such processes occur under conditions which are caused, enhanced, or controlled by human 
etfort or intervention: this excludes genes which are created solely by natural processes 

mose'sSledrn'm^e ari'^Fn'" " ""i''" '° " °' " ^^^arded as a gene by 

^hose skilled in the art. For example, a plasmid might contain a plant-derived promoter reo-on and a 

n thP mr^""'!"" '"^ ^"'"^^ ^^^ments are positioned with respect toTach other 

n the plasmid such that the promoter region causes the transcription of the structural sequence then those 
two segments would not be regarded as included in the same gene sequence, then those 

rP.r,IrMn"tr'°" '° '''""^'"^ "''"^ '^^^ sequences that are -heterologous" with 

respect to their promoter reg.ons. This includes at least two types of chimenc genes- 

^=.J™ . ^ "^'""^ '° ^ P'^"* ^''^'^P'e- if a structural sequence which codes for 

Te^red'Ts^rLgir^'^' '° ^ ^'^^ -^^^^^ ^ ^^^^ ~ 

2 A plant cell gene which is naturally promoted by a different plant promoter region For example if a 

stc u^^^^^ 'T ' "^'"^^ ""^'"^"^ a low-puanti,; prrot' he 

rSSln ofT 7 ^ . ^ "^'^ '"'9ht cause a higher quantity of 

transcnption of the structural sequence, thereby leading to plants with higher protein content. Such a 
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nructurai seauence wouid be regaraed as neieroiogous witn regard to the oroiific promoter. 

However. ;s not essential for this invention tnat the entire structural seauence oe neteroiogous w.ih 
respect to the enure promoter region. For examole. a chimeric gene of this invention mav oe createa wnich 
■■vould be transiatea into a "fusion protein", i.e.. a protein comprising polypeptide portions denvea from two 
separate structural seauences. This may be accompiisnea by inserting ail or can of a heterologous 
structural seauence into the structural seauence of a piant gene, somewnere after the stan codon of the 
plant structural seauence. 

As used herein, the phrase, "a promoter region aenvea from a specified gene" snail include a promoter 
region ,r one or more parts of the promoter region were aenved from the specifiea gene For example it 
••^.ght oe aiscoverea that one or more portions of a particular piant-denved promoter region (sucn as 
intervening region 8. shown on Figure 1) might be repiaceo oy one or more seauences denved from a 
oifferent gene, sucn as the gene that contains the heterologous structural seauence. without reducing the 
expression or the resulting chimenc gene m a particular tyoe of host cell. Such a cn.menc gene would 
contain a piant-aenveo association region 2. intervening region 4. ana transcription initiation seauence 6 
:ollowea by neteroiogous intervening region 8. 5' non-transiated region 10 ana structural seauence 14 Such 
a chimenc gene is within the scope of this invention. 

As used nerein. the phrase ".jenvea from" shall be construed broadly. For e.xamoie. a structural 
sequence may oe "derived from" a particular gene oy a variety of processes, includina the following- 

1. the gene may oe reproduced by vanous means sucn as inserting it into a oiasmia ana reolicating the 
piasmio oy ceii cuiiunng. in \mro replication, or other metnoos. ana the desired seauence mav be ootainea 
• om the DNA ccoies by vanous means sucn as enaonuciease aigestion: 

2. mflNA wnicn was coaea for oy the gene may oe ootainea ana orocessea in various wavs 'ucn as 
creoaring comoiementary DNA from the mRNA ana then aigesting the cDNA with enaonucieases: 

3. the seauence of bases in the structural sequence may be determinea by vanous methods such as 
^ndonuciease maoomg or the Maxam-Gilbert method. A strand of DNA which duplicates or approximates 
:ne oesirea seauence may be created by various methods, such as chemical svnthesis or ligation of 
Jiigonucieoiide fragments. 

4. a structural sequence of bases may be deaucea by aopiymg the genetic coae to the sequence of 
amino acid resiaues in a polypeotide. Usually, a variety of DNA structural sequences may be determined 
•or any poiypeptiae. because of the redundancy of the genetic coae, From this vanetv. a aesired sequence 
01 bases may oe selected, and a strand of DNA having the selected seduence may be created. 

If desired, any DNA sequence may be modified by substituting certain bases for the existing bases 
Such modifications may be performed for a variety of reasons. For example, one or more bases m a 
sequence may ce replaced by other bases in order to create or delete a cieavaae site for a particular 
endonuciease. As another example, one or more bases in a sequence may be reoiaceo m order to reduce 
;ne occurrence cr "stem and loop" structures in messenger RNA. Such modified seauences are within the 
scope of this invention. 

A structural seauence may contain introns ana exons: sucn a structural seauence mav oe aenvea from 
DNA. or from an mRNA pnmary transcript. Alternately, a structural seauence mav oe aenvea from 
orocessea mRNA. from which one or more introns have oeen aeieted. 

The Applicants nave deposited two cultures of E. con cells containing olasmids pMON128 and 
PMON154 with the American Type Culture Collection (ATCC). These cells have been assigned ATCC 
accession numoers 39264 and 39265. respectively. 

Those sKillea m the art will recognize, or be able to ascertain using no more than routine experimenta- 
tion, numerous eauivalents to the specific embodiments descnbed herein. Such eauivalents are withm the 
scope of this invention. 
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EXAMPLES 


Example ^^ Creation of pIVIONIOOl 

Fifty micrograms (ug) of lambda phage bbkan-l DNA (Berg et al. 1975) were digested with 100 units of 
Hindlll (all restriction endonucleases were obtained from New England Biolabs. Beverly. fvlA. and were used 
with buffers according to the suppliers instructions, unless otherwise specified) for 2 hr at 37*0 After heat- 
inactivation (70 C. 10 min). the 3.3 kb TnS Hindlll fragment was purified on a sucrose gradient One ug of 
the punfied Hindlll fragment was digested with BamHI (2 units. 1 hr, 37 'C). to create a 1 8 kb fragment 
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The enaonuciease was heat inactivatea. 

' ""^ BamHI ^2 units each 2 hr 

37 C). Followng a.gestion. the endonucieases were heat mact.vatea ana the cleaved nRR^PT nMA 
added to the BamHI-Hinalll Tn5 fragments. After aaa.tion of ATP to a concenttaSon of 0 75mM in Vl 
T4 DNA hgase .prepared by the r^ethpd of Murray et a,. ,979) was added andTe rl^ion w^, 1 w ° 
cor^mae for 16 hours a, 12-14'c. One unit of T4 DNA ..case w.il give 9oT arcu arizml o iT ^ 
Hmdlll-cleaveo oBR327 plasmid in 5 minutes at 22 ' C ' 9 e su „ crcularizat.on of one ug of 

.982rAfr:^re::o:!n^ :z '^-'^^-^ - 

P^es conta,n.ng 200 ug... amp.c.Jan^ 'lo Ig^ .L^:yL;"or nT^^rur.ruSn at sTc 
several hunareo co.onies appeared. Plasm.d mini-preo DNA was prepared from six of hese V 
and Burke. ,981). EndonuCease digestion showed that ail s,x of the o.asm^d" arr^d The , f^b H"^^^^^^^ 
BamHI fragment. One of those isolates was designated as pMONIOOl as shown ,n Figure 6 

Example 2: Creation of pMON40 

Five ug of olasmid oMONlOO, fdescnbed m Example ,) was cigested with Smal Th^ r^.rtion 
ermmatec by oneno. extraction, ano the DNA was precip.tatec by ethanol. A Ball7 ercCGTATCCGG 
0.1 ug,, wn.cn haa Deen ohosphoryiated w,th ATP ana T4 ooiynucieotide kinase iBP hp^nl B 
Laboratory. Rockvnie. MD) was aaded to , ug of the oMONlOOl fraamem The m.x ure ' '1'! 

amp,ci.lin.resistant. kanamycin-resistant co.onies were chosen. 2 mi cu res were grow and mTni pLTmL' 
preparations were performed. Endonuclease mapp.ng of the oiasmids reveld hit ten nf hi T 
contained no Smal site and a smgie BamHI site, and were of the aoprop ,a e sizt 4 2 kb The Lsm.rf 
one Of the ten coion.es was designated as pMON40. as shown .n Figure 6 ' 


^^^f^o'e 3. Creat.on of NOS Promoter Fragment 

An oligonucieotice with the follow.no seouence ^•-TGCAaATTATTrrr t 
and Carruthers. ,93,. as mod.fied by Adarrat ISsTt^'^VcS^ 

label. wh.ch was aaded to the 5' thymidine residue oy polynucleotide k.nase rad.oact.ve 
An M,3 mo7 denvat.ve, designated as SIA. was given to Aoplicants by M Sevan and M-D Phiiton 
Washington University, St. Lou.s. MO. To the best of Applicants' knowledge and beife, the SIA DNA iT. 

isolated and designated as the Hindlll-23 fragment. This fragment was digested with Sau3a to creTte l 
the M?3Tn-"'' '"^^^^-^ double-stLded, rrplfca^ve forrONA from 

^LZlZ """"'"^ ''^'^ ^''^^ -'^^ BamHI. Two recomb.^arphlde^ 

wuh 344 bp inserts resulted, one of which contained the anti-sense strand of the NOS promos" aamem 

ThrAnn;""* ''''' ' was given to the AppSs ' 

minuses at 7^-0 'hen cool? ^'"^'^-^'^^^^^^ of the SIA DNA (14.4 ug: 6 pmol). and annealed it (10 
rhovl Thl "^f" <=°o'ed to room temperature) with 20 pmol of the ,4-mer oligonucleotide, mentioned 

200 uTo?r".?^r '° ^'''^ '"^^^ "^^^^ '^oJon Figures 4 andT 

200 ul Of the SIA template and annealed oligonucleotide were mixed with the four dNTP's (present at a 

om tr"'?°" °n '° °' '^'^""^ polymerase. The mixture incubated for 30 Zutes at 

room temperature. Dur.ng this penod. the polymerase added dNTP's to the 3' end of the oligonrieotfde 

Incttf^^TolrTs-rih""^^ ' added. ThS'was 

T4 nSf ^' ^^"^ '"activated (70" C, 3 min). and the four dNTP's (imM 12 ul) and 

T4 DNA polymerase ,50 un.ts, were added. The mixture was incubated (1 hour. 37" C) and rpofyr^erase 
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-vas macnvatea (70 ' C. 3 m,n,. This yieidea a fragment of about 570 be. £-oRI (150 un.ts. ,h 
-:xture was mcuoatea ,1 hour. 37 " C) ar,d the EcoRI was inact-vateo ,70 ' C 3 m.n, 

Ahquots of the mixture were separated on 6% ootvacrviamiae wiin 2^^^. nt^^n^rr^i a . ^- 
reveaieo a raoioacfvely iabeiled banc about 3,0 bp Tie Ss cano was exc:sl t^^^ 

procedure is inaicatea by Figure 5. 

.^^..ocu. me foregoing 


E.xampie 4: Creation of pMON58 


Five ug of oiasmid dMON40 (described in Example 2) were a.aestea w,th Bglll ,,o units i 5 hour 
37 C), ana the Bglll was inactivated ,70 'C. 10 mm,. The four dNTP'c ,imM 5 ul) ana KIPnnrn. 

rneaia containing 200 ugm, ampicillin. Thirty-six clonal Amo« coionieF .:^e cpLteT 1 
Piasrr^s were mace from those colon.es. The plasmid from one cory cemo^s" Teo a ^08 b^ 
-ragment. a new Sstll cleavage site camea by the 308 bp NOS fraoment. ana a new PstI sT Th^s n^Lm l 
vas oesignateo as oMON58. as snown ,n Rgure 7 cMON58 DNA was oreoarea as a esc oed above 


Example 5; Creation of PMON42 


Plasmia oBR325-H,nalll-23. a aenvat.ve of plasm.d dBR325 (Bolivar 1978) carrvlna th^ HinHii. 

wi H nd^u """'^'T- °' ''^'^ P'^^-'^ ^^^^-^-0 and 30 ug were c^ges^d 

-th Hinalll ,50 units) ana BamHI (50 units,. The 1.1 kb Hindlll-BamH. fragrrient was punfled nn 
on glass beans .Vogelstein ana GNIesp.e. ,979) after agarose gel electroonoresis ? rpuri'L Sen 

y o i^u units. 4 hours. 22 C). the resulting piasmids were introduced to E col. C600 ceiK rinn^c 

"asr^^d^DNA""""" ^^'^^'^^ °" cones were-^^taZ M nipreps o 

. asm a DNA were maae from s,x of these clones and tested with the oresence of a 1 , kb fraqmem afte 

MON 2 'Z::ZoZA7r ^^^-^'^ '^^'^^ .emonstrateo the correct ,nsert wrsTs Jn 2. 

iuiN^«i. Kiasmia DIV10N42 DNA was oreoarea as descnbed in previous e.omoies. 

E-'ompie 6: Creation of Ml3 Clone M-2 

Seventy-five ug of plasmia o(yiON42 (described in Example 5) prepared from dam- E rni, r»ii, 

rffru:: NA^r '%t °' ' '^'^ ^^^^^^ bo° Rs:r.Bai-H.^gmLr:: 

Mbo no Z 70 crr°''"'- " BamHI-Rsal fragment were digested w'h 

nrJH ! ^ ^""^ ""^"^^ «"i"9 in with the large Klenow fraqment of DNA 

polymerase I and the four dNTP's. Then 0.1 ug of the resulting DNA mixture was added to 0 05 "q of Mn 

SonTr': TrTl''"' " ' Phosphatase ,0 2 un's° After 

ligation ,10 units of T4 DNA ngase. 16 hours. ,2- C) and transfection of E. coli JMlOl cells seve^ hundrpri 

Jn^Llr , '° ''^^ ""^^ '^'^^^^^ <1 1 tiou^ 37' C). end-labeled with 32p.dATP 

labe^d 27rbo r ' '^'^ '^^^ment could be identified as yielding a 

wXe Clones cam^^^^^^^^ °" '''' POlyacry.am.de gels and autoradiography. F^r of le 

HoTL !f . ! fragment. The orientation of the insert was determined by digestion of the EcoRI- 

aCn.rcr9fbVfrom''t?e'3^^ ""'I 7^ 'T" ' ' '^^^^^ cLr/he 2^5 . 

coding Lion ?L c,«n.T «^ K * ' ''"^'"""^ ^2 ''P ^"-^ the NOS 

Finn?f « ? ®^ °' ^^""^ onentation were obtained. One clone, digested as iy|-2 as shown in 

o enl!i T '^'^'"^"^ "'^'^ "^^ 3- end of the fragment. M-2 RF DNlwas 

prepared using the procedures of Messing, et al 1981. 
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Example 7: Creation of pMON75 ana oMON76 

BamH?U.^° K*^'^ DNA (descnbed in Examole 6) were digested w„h 50 un.ts of EcoRI ana 50 units of 
BamHI for 2 hours at 37 C. The 270 bp fragment (1 ug) was purified using agarose gel and NA-45 
membrane. Plasm.d pMONSS (descnbeo m Example 4) was digestea w.th EcoRI ana BamHI ^50 ug 50 
units eacn. 2 hours. 37 C) and the ,300 bp fragment was purified using NA-45 memorane The 270 bp 
EcpRI-BamHI ,0 1 ug, and ,300 bp EcoRI-BamHI (0.5 ug, fragments were mixed, treated wJh T4 DNA 
hga e (2 units, for ,2 hours at ,4 C. After heating at 70'C for 10 minutes to inactivate the Hgase the 
mixture was treated w.th EcoRI ,10 un.ts, for 1 hour at 37-C. then neated to 70-C for ,0 r^nutes'o 
inactivate the EcoRI. This completed the assembly of a chimenc NOS-NPT ll-NOS qene on a i 6 kh 
fragment, as shown on Figure 9. ^ 

Plasm.d PMON38 is a clone of the DTiT37 Hindlll-23 fragment insenea in the Hinolll site of pBR327 
(Soberon et al. ,980). pMON38 DNA ,20 ug, was digested wi,h EcoRI ,20 units. 2 hours 37-C and caJ 
alkaline pnosphatase ,0.2 units. , hour. 37-C). The pMON38 DNA reaction was extracted w.th phenol 
precipitated with ethanoi. drieo ana resuspenoed in 20 ul of 10 mM Tris-HCI. 1 mM EDTA. pH 8. 

0.2 ug of the cleaved pMON38 DNA was aaded to the chimeric gene mixture descnbeo above The mixture 

111 cr " ' chloride-treateo E. coli 0600 rec 

A56 cells to Obtain transformation. After oiat.ng w„h selection for ampic.llin-res.stant (200 M coloniiF 
03 potential canoidates were obta.nea. Alkaline mim-preos of plasm.d DNA were maae from ,2 of these and 
iT^K^P °^/f^'"^"°" enoonuciease aigestion for the proper constructs. Plasmia DNA's that contained a 
s kh KnB T ' "^^ '"^ ^'"^ onen,at,on of the 

nr^ 1 H mI^m",!. °' ^^"^ orientation was picked. One plasm.d was Designated o(VION75 

"ev,ous examples " ' ''''' ^'^^"^"^ ^^^^ — ° - ^--^^^ 


Example 8: Creat.on of olasmids PMON128 ana pfv10N129 

The 15 kb EcoRI fragment was excised by EcoRI digestion from e.ther pMON75 or p(vlON76 and 
oZmTLTlV"' ^'^'^'^^P^^^^^'^ ^^''"'^'^^^ previous examples. Five ug of DNA from plasm.d 
PMON120 (descnbed in a separate appi.cation. "Plasmids for Transforming Plant Cells" (WO84,02919) 

"'"^ ^'^^''"^ Phosphatase. After pheno 
o, .K°= ^1°, P^^-^'P'^^''^"- EcoRI-cleaved pMONl20 linear DNA was mixed with 0 5 ug 

nSrV.l r !?. ^^"^ ""'"'"'^ -^"^ 2 units of T4 DNA ligase for , 

nour at 22oC. After transformation of E con cells (Maniatis e, al. 1982) ana selection of coiomes resistant to 
.oectinomycn (50 ugmi). several thousana colonies appearea. Six of these were ccKea. grown ana 
Piasmio mmi-preps maae. The piasmia DNA's were oigested with EcoRI to checK for me i 5 kb chimeric 

omSn 20 'J" '^"'^";'<^.9e"«. 'ranscnbed in the same direction as the intact nooaline synthase gene of 
PMON120. The orientation or the insert m pMON129 was opposite that ,n pMONl28: the appearance of an 
aad-tioriai ,.5 kb BamHI fragment in digests of p(y/IONl29 showed that plasm.d pMONl29 earned a tandem 
duplication of the chimenc NOS-NPT ll-NOS gene, as shown .n Figure ,0. 


Example 9: Creation of Plasm.d pMON,56 

Plasmids Which contained CaMV DNA were a g.ft to Monsanto Company from Dr. R. j. Shepherd 
Un.vers. y of Cal^omia. Davis. To the best of Applicants' knowledge and belief, these plasmids (designated 
!f 1 .ofli?'! ^T'T '"^^"^'"^ 9®"°""® °' ^ ^^"^^ strain designated as CM4-184 (Howarth 

w.h nn? ' ''^"^^^ P'^"'^''^ ®» 19^)- "li cells transformed 
w.th pOSI were resistant to ampicillin (Amp«) and sensitive to tetracycline (TetS) 

Various strains of CaMV suitable for isolation of CaMV DNA which can be used in this invention are 
publicly available: see. e.g.. ATCC Catalogue of Strains II. p. 387 (3rd edition I98i) 

pOSI DNA was cleaved with Hindlll. Three small fragments were purified after electrophoresis on an 
H . cnnT^^®' '^'^'^^ membrane (Schleicher and Schuell. Keene NH). The smallest fragment 

about 500 bp in size, contains the 19S promoter. This fragment was further purified on a 6% acrylamide 
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aei. After various manipulations wn,ch aid not cnange ine seauence of tf^is fragment (shown m Fiaure 28» it 
was cgestea w.n Mbol to create a 455 bp Hinclll-Mbol fragment. This fragment was mLd w,^ a 250 bo 
^ gment obta,nea by digestmg pM0N75 (described in Examo.e 7 ana shown in Figure 9) w h Bgl and 
EcoRI. Th,s fragment contains the NPTII structural seauence and the NOS 3' non-transiatea eo on The ^^o 
fragments were „gated together by the.r compatible Mbol ano Bglll overhangs to create a frapmen^ 
containing the CaMVn9S)-NPTn-N0S chimenc gene. This fragment was inserted fnto oM^N 20 wh ch Tad 
"""" ^^^""'"^ "^^^ '^-'^--^ - PMON156. as Shown n 

Plasmid PMON156 was inserted mto E. col, cells ana subseouently into A. tumefaciens ceils where it 
rormeo a co-.ntegrate Ti plasmid having th-e CiMVM9S)-NPT ll-NOS ch.menc-g ene surrouna ea by T DNA 
.oraers. A. »umeTaciens cells containing the co-,ntegrate oiasm.ds were co-cultivated with oetunia ceils The 
co-cumvated petun.a cells were cultureo on media containing Kanamycin. Some of the co-c t v^p Ln'a 

?aln9TNp\"rNOroe^:r"'" °" " '''^ ^ ' ^t^ 

btrary^L'ofirrto^^^^^^^^^^^ ^^^--'^ ^^^^^ -^-'^^ Southem 

Example lO: Creation of pMONi 55 

Plasmio PMON72 was optamep by inserting a 1.8 Kb H.nalll-BamHI fragment from bacterial transposon 

BamHi. Tnis oiasmip was oigesteo w„n Bglll ana PstI to remove the NPTII structural seauence 

. .asmio DMON1001 (descrioed ,n Examoie i and shown m Figure 6) from dam- ceils was aipested with 

Bglll ana PstI to ootain a 218 bp fragment with a partia, NPTII structural seauence This fraqmTnt was 

digestea with Mbol to optain a 1 94 bp fragment. 'ragment was 

A tnoie ligation was performed using (a) the large Pstl-Bglll fragment of pMON72- (b» the Pstl-Mbol 

.ragmen, from pMON 100,: and ,c, a synthetic .inker with Bglll and Mbol ends having s o codon - 

0 Ismin S r""!- T '^^"^^^-^^'^^ Of e- CO.. cells ana selection for amp.cillin resistant cp onies 
Plasmia DNA from Amp« colonies was analyzed. A^olony containing a plasmid w.th the desired structure 
was loentiried. This plasmid was oesignated pMONl 10. as shown on Figure 30 

was'tret'ed wKh 'xh^Th i! ''''^ " '° P'^O^'^O, pMONliO 

^as treated w.th Xhol. The resulting overhanging end was filled m to create a blunt end by treatment w.th 
Klenow polymerase and the four aeoxy-nucleot.de triphosphates (dNTP's). A. T C and G T^rKlerw 
polymerase was inactivated by heat, the fragment was digested with Pstl. ana a 3.6 kb fragmen was 
pumiea. P asmia oMON76 (described .n Example 7 and shown m Figure 9) was digested with hS I filed 
n to create a olunt enp with Klenow oolymerase and the four dNTP's. and digested with Pc.i An 00 bp 

7oT3- Z r'"'- °' ''^ '''^ " ^^^"^"<=^' ^-^^ a nooaiine synthase 

^NOS) 3 ..on-trans.atea region. This fragment was iiqatea w„h the 3.6 kb fragment from oMONno ThJ 
mixture was usea to transform E coli cells: Amp^. ceils were selected, and a colonv having a o asm^d w th 

01 ..^l ^^'^ P'^^'""^ Designated pMONl32, as shown on Fiaure 3 
Plasmia pMON93 (shown on Figure 28) was digested w.th Hindl.l. and a 478 bp fragment was isolated Th s 
ragment .as Pigested with Mbol. and a 455 bp fragment was purified which contained the Smv (19S 
oZ t iSo bn T "-'--'^^-^ -5-- PMON132 was digested w.th EcoRI and Bgl.l fo 

frames ,2 the NPT mT"', "1 "^^^""^ ^" '^^'^ -'ding 

frames. ,2) the NPT II structural sequence: and (3) the NOS 3' non-translated reg.on. These two fragments 
.ere jo.ned together through the compat.ble Mbol ana Bglll enas to create a CaMV (19S)-NPtTno| 
cni rriGric qsmg . 

pMON755'\7srwr?gurr32'''°^ ^"'^^ 

The nMOf^mf T''! '"'^''^'^ - ^"'^^^^P'^"^ ^^3111 cells containing a Ti plasmid. pTiB653. 
event pT h '^"" ' colntegrate plasmid with the Ti plasmid by means of a single crossover 

cTection 7. H ^°-'"*«9rate plasmid have been deposited with the American Type Culture 

chime .c aen« . r ^^""'^ ""'"''^^ ^^^"^^ ^ ^^'^^ ^oLns the 

Ec0RTanr2.fl k'T. r,''" ''^^ co-integrate plasmid with Hindlll and 

the Ln^a ZlT " "^^'^ *° '^^"^"^^"^ P«'""*« cells, allowing 

the petunra cells to grow on media containing at least 100 ug/ml kanamycin. 
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Example n; Creation of PMON183 ana 184 

Plasmia dOSI (described in Exannple 9) was aigesiea with Bglll. and 1200 bp fragment was ourified 
This fragment containea the 32S promoter region ana paa of the 5' non-transtated region It was inserted 

'T^nlo^""° ""^^^^^ ^^"^ "^'^^ ^''^ ^9'" ^PS^'-^^ is functionailv equivalent to 

PAG060. descnoea m Colbere-Garapin et al. 1981). The resuiting piasmid was designated as dMONSO as 
shown on Figure 33. =r . . 

The cionea Bglll fragment contains a region of DNA that acts as a poiyadenvlation site for the 32S RNA 
transcnpt. This DOiyadenyiation region was removea as follows: pMONSO was digested with Avail and an 
11 00 bp fragment was punfied. This fragment was aigesteo with EcoRI' and EcoRV. The resulting 190 bp 
EcoRI-EcoRV fragment was purified and inserted into olasmia pBR327. which had been aigested with 
EcoRI and EcoRV. The resuiting plasmid, pMONSI. contains the CaMV 32S promoter on a 190 bp EcoRV- 
EcoRI fragment, as shown on Figure 33. 

To make cenain the entire promoter region of CaMV(32S) was oresent in plVI0N81. a region aaiacent to 
the 5' (EcoRV) end of the fragment was insertea into pfVlONBl in the following way. Plasmid pMONSO 
preparea from dam- cells was digestea with EcoRI and Bglll and the resultant 1550 bo fragment was 
punfied ana digested with Mbol. The resulting 725 bo Mbol fragment was punfied and inserted into the 
unique Bglll site of plasmid pKC7 (Rao and Rogers, 1979) to give piasmid pMON125, as shown in Figure 
34. The seouence of bases adjacent to the two Mbol enas regenerates Bglll sites ana allows the 725 bo 
fragment to ce excised with Bglll. 

To generate a fragment carrying the 32S promoter, me 725 bo Bglll fragment was ounfied from 
PMON125 ana was suoseouently aigested with EcoRV ana Alul to yield a 190 bo fragment Plasmid 
pMONBl was atgestea with BamHI. treatea with Klenow ooiymerase ana aigestea with EcoRV. The 3 1 kb 
EccRV-BamHlfblunti fragment was Durifiea. mixed with the 190 bp EcoRV-Alul fragment ana treatea with 
DNA hgase. hollowing transformation and selection of amoicillin-resistant cells, plasmid DfvlONl72 was 
obtainea wn.cn carries the CaMV(32S) promoter seauence on a 380 bp BamHI-EcoRI fragment, as shown 
on Figure 35. This fragment does not carry the poly-aaenyiation region for the 32S RNA. Ligation of the Alul 
ena to the filled-in BamHI site regenerates the BamHI site. 

To rearrange the restnction endonuclease sites aaiacent to the CafV)V(32S) promoter the 380 bp 
BamHl-EcoRI fragment was punfied from pMONl72. treatea with Klenow polymerase, and insertea into the 
unique Smal site of phage M13 mp8. One recombinant pnage. M12. earned the 380 bp fragment in the 
onentation snown on Figure 36. The replicative form DNA from this phage carries the 32S promoter 
fragment on an EcoRI(5')-BamHI(3') fragment. 

Plasmias carrying a chimeric gene (CaMV(32S) oromoter region-NPT II structural seouence-NOS 3' 
non-translatea region) were assemoled as follows. The 380 bp EcoRI-BamHI CaMV (32S) promoter 
fragment was ounfied from phage M12 RF DNA ana mixea with the 1250 bo Bglll-EcoRI NPT INNOS 
fragment from dMON75. Joining of these two fragments tnrouah their comoatible BamHI ana Bglll enas 
^esuits in a 1 5 kb CaMV(32S)-NPT ll-NOS chimeric gene. This gene was insertea into pMON120 at the 
EcoRI Site in ootn orientations. The resultant plasmias. pMONl83 ana 184. apoear in Figure 37 These 
ptasmids were usea to transform petunia cells. The transformea ceils are capable of growth on meaia 
containing lOO ug. mi kanamycin. 
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Claims 


A chimenc gene capaole of expressing a polypeptide in plant cells comprising m sequence- 
fa) a promoter region from a gene which is naturally expressed in plant cells: 

(b) a 5* non-translated region; 

(c) a structural coding sequence encoding a neomycin phosphotransferase polypeptide* and 

(d) a 3' non-translated region of a gene naturally expressed in plant cells, said region encoding a 
signal seauence for polyadenylation of mRNA: said promoter being heterologous with respect to the 
structural coding sequence. 

A gene of Claim 1 in which the promoter is selected from a gene of the group consisting of a nopaline 
synthase gene and a ribulose -l.5-bis-phosphate carboxylase small subunit gene. 

A gene of Claim 1 in which the 3' non-translated region is selected from a gene from the group 
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consisting of the genes from the T-DNA region of AgroDactenum tumefaciens. 

4. A gene of Claim i or 2 In which the 3' non-translated region ,s from the nooaiine synthase qene of 
Agrobactenum tumefaciens. ^ ° 

5. A chimeric gene capable of expressing a polypeptide in plant ceils comprising in sequence- 

fa) a promoter region from a piant virus: 
(b) a 5' non-translated region: 
(ci a structural coding seauence: 

(d) a 3- non-transiatea region of a gene naturally expressea m ciants. saia reaion encoding a sianal 
sequence for ooiyaaenyiation of mRNA. said structural cccing sequence oemg heterologous with 
respect to said promoter region. loruiggous witn 

6. A gene of claim 5 In wnich the promoter is from cauliflower mosaic virus. 

7. A gene of claim 6 ,n wnich the 3' non-translated region is from a nooaiine synthase gene. 

8. A^gene of claim 5 in which the promoter is the full-length transcnot oromoter of cauliflower mosaic 

9. A gene of claim 8 in wnicn the 3' non-translated region is from a nooaiine synthase gene. 

10. A culture of microorganisms laentified by ATCC accession numoer 39265. 

Revendications 

^" ^vemem"^^'"'''^ d'expnmer un polypeptide dans aes cellules vegetales. comprenant succes- 

SUates^^'°" P^°^enant d'un gene qui est naturellement expnme dans des cellules 

(b) une region non traduite 5': 

(c) une sequence de codage structural codant un polypeptide, la neomycme ohosphotransferase- et 

(d) une region non traduite 3' d'un gene expnme naturellement dans les cellules vegetales cette 
region cooant une sequence de signal pour la polyadenylation oe I'ARNm: 

ce promoteur etant heterologue oar rapport a la sequence oe coaage structuraie. 

2. Gene seion la revenaication i. cans leauel le promoteur est c.noisi carmi le gene de la nopaline 
synthase et un gene qui est une petite sousunite de noulose -i .S-bis-onosonatee carooxylase. 

3. Gene seion la revenccation i, dans lequel la region non traauite 3' est choisie parm, les genes de la 
region ADN-T d'Agrobactenum tumefaciens. 

4. Gene seion les revendications 1 ou 2. dans lequel la region non traduite 3' prov.ent du qene de la 
nopaline synthase a'Agrobacterium tumefaciens. 

5. Gene chimenque capable d'exprimer un polypeptide dans des cellules vegetales. comprenant succes- 

(a) une region promotrice d'un virus de plante; 

(b) une region non traduite 5*; 

(c) une sequence de codage structuraie: 

(d) une region non traduite 3' d'un gene expnnne naturellement dans les plantes. cette region codant 
une sequence de signal pour la polyadenylation de I'ARNm: cette sequence de codage structuraie 
etant heterologue par rapport a cette region promotrice. 

6. Gene seion la revendication 5, dans lequel le promoteur est le virus de la mosaique du choux-fleur. 

7. Gene seion ta revendication 6. dans lequel la region non traduite 3' provient d'u. gene de la nopaline 
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synthase. 


8. Gene seion ia revenoication 5. aans leauei le promoteur est le promoteur ce transcription en pleine 
longueur au virus de la mosaique au cnoux-fleur. 

9. Gene selon ia revenoication 8. cans leauel la region non traauite 3' provient o'un oene ce la nopaline 
synthase. 

10. Culture ae microorqanismes. identifiee oar le numero d'inscnption ATCC 39265. 
Anspruche 

1. Chimares Gen. das em Polypeptia in Pflanzenzellen expnmieren kann una in Seauenz umfaflf 

(a) einen Promotorbereicn von einem Gen. aas in Pflanzenzellen naturlich exorimiert wira: 

(b) einen 5'-nicht-ubersetzten Bereicn: 

(c) eine strul<turelle Kodierseauenz. cie em Neomycin-Phosphotransferase-Polvoeotid kodierf und 

(d) einen 3'-nicht-ubersetzten Bereicn ernes in Pflanzenzellen naturlich exorimienen Gens weicher 
Bereicn eine Signaisequenz fjr Polyacenyiierung von mRNA koaiert: wopei aer Promotor in oezuq 
auf die struktureile Kodierseauenz neieroiog ist. 

2. Gen nacn Ansorucn i. ,n aem cer Pronnotor gewahit ist von einem Gen cer G.uooe oestehena aus 
.mem Nooann-Syntnase-Gen una einem Ribuiose-1 .5-biphospnat-Carboxyiase-Gen Kieiner Subeinheit. 

3. Gen nacn Anspruch 1. m aem aer 3'-oicnt-ubersetzte Bereich gewahit ist von emem Gen der Gruppe 
oestenena aus aen Genen vom T-DNA-Bereicn von Agrobactenum tumefaciens. 

4. Gen nacn Anspruch 1 Oder 2. in aem aer 3'-nicnt-ubersetzte Bereich vom Nooaim-Svnthase-Gen von 
Agrobactenum tumefaciens ist. 

5. Chimares Gen. cas em Polypeptid in Pflanzenzellen expnmieren kann una in Seauenz umtaflt: 

(a) einen Prpmotorbereich von einem Pflanzenvirus: 

(b) einen 5'-nicht-ubersetzten Bereich: 

(c) eine struktureile Kodierseauenz una 

id) einen 3'-nicht-ubersetzten Bereicn eines m Pflanzenzellen naturlich exorimierten Gens, weicher 
Bereicn eine Signaisequenz fur Polyaaenylierung von mRNA koaiert: wooei aie struKturelle Kodier- 
seauenz in oezug auf aen Promotorcereicn neterolog ist. 

6. Gen nacn Ansoruch 5. in aem cer Promoter vom BlumenKOhlmosaikvirus ist. 

7. Gen nach Anspruch 6. m dem cer 3'-nicnt-ubersetzte Bereich von einem Nopaim-Synthase-Gen ist. 

8. Gen nach Ansprucn 5. in aem aer Promotor der Transkriptpromotor in voller GrcBe vom Blumenkohl- 
mosaikvirus ist. 

9. Gen nach Anspruch 8. in dem der 3--nicht-ubersetzte Bereich von einem Nopaiin-Synthase-Gen ist. 

10. Kultur von Mikroorgamsmen identifiziert durch die ATCC Nr. 39265. 
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/55i:,^J^ FRAGMENT CONiaiNING Us 
( NOS) PLANT PROMOTER REGION, 
fTA^C?*I?f^^'-^'^D «ESI0N AND 
START OF STRUCTURAL SEQUENCE ' 


ISOLATE FRAGMENT CONTAINING 
HETEROLOGOUS (NPT- II) 
STRUCTURAL SEQUENCE 


♦ATKfeMOVE STRUCTURAL SEQUENCE 
I FROM FRAGMENT ^'^""^^^-^ 
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r 


INSERT FRAbMbNT IN7D PLASMIol 
WITH CLEAVAGE SITE NEAR 
START COOON (DM0N4Q1 


ISOLATE FRAGMENT WITH (NOS) 
5NON-TRANSLATE0 REGION 
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CLEAVE PLASMIO AT SITE 
NEAR HETEROLOGOUS START 
COOON 
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CLEAVE PLASMIO ( pMON 58 ). 
,'f.2b^I^ FRAGMENT CONTAINING 
( NOS ) PLANT PROMOTER REGION 
AND (NPTII) HETEROLOGOUS 
STRUCTURA L SEQUENCE 


ISOLATE FRAGMENT CONTAINING 
3 NON-TRANSLATED REGION OF 
PLANT (NOS) GENE 


60 


ki?eIS/J'!°**^^^S TOGETHER IN PROPER 
ORIENTATION TO OBTAIN CHIMERIC 
(NOS-NPT ll-NOS) GENE 


'b'?^a^J!L^,^'"E^'C SENE INTO SELECTED ' 
P^ASM 0 (PMON 120) TO OBTAIN CHIMERIC 
PLASMI0(pM0Nl28.eMQNI29) 


Z 


INSERT CHIMERIC PLASMIO 
INTO PLANT CELLS 


INSEH! CHIMERIC PLASMIO" 
INTO A ^UMEFACIFM^ TO 
GREAT c CO-INTEGRATS TI 
PLASMIO 


INFECT PLANT CELLS WITh" 
A.TUMEFACIEMS 


IDENTIFY TRANSFORMED 
PLANT CELLS 


lOENTll-Y TRANSFORMED" 
PLANT CELLS 


FIG. 2. 


32 


EP 0 131 623 B1 


O 



V5 


0-2 

coo ^ 
zcncj 


o 
o 
o 


o 
3 

UJ 

a: 
o 

CO 

Z 
< 



UJ 

z 

UJ 

O 

UI 

cn 


< 

a: 

3 

O 

cr 

cn 


33 


EP 0 131 623 B1 


u ujcr 

Z ocn 
uj s 

a cr 
c 

00 

fO 
3 
O 

CO 


z 

cn 

»zP 


o < 

in o 

< 

o 
u 
u 
o 
o 


o u 
< 


m < 

a 
< 
o 
o 
o 
< 


o < 

< 
< 

a 
< 
o 
o 
o 


o< 

0 0 



o< 

in u 

00 

tnu 




CVJU 



< 

a 


< 








< 

< 

< 

< 



< 

< 

0 

U 

< 

u 

< 

< 



00 

a 
< 
< 

< 

< 


OK 

< 
< 

o 
o 


a 


2^ 


Oo 

^ < 
< 


O < 

< 

o 

< 


< 

o 


O I- 

— * a 
Z >o 

o 
u 
u 
o 
< 


o 
cn 


o< 

0 u 


— ^ 

CJ 


< 

< 

0 

a 

a 


0 

0 

a 

< 

0 

0 

(J 

0 


o 
< 
< 

u 

o 


< 


00 

u 
o 


o< 
^ u 

< 
< 

< 

u 


VCJ 


cd 
o 
< 

CD 


c^ 
o 

< 
< 


CM < 


in 

/ 

O < H 

O u O 

PO o <-> 
< 

CJ o 

H- < 
< K 


< O 

cj cn 
o 

li S 


CO. 


cn 


S25 

u o 

< 
< 

CJ 


Ok 


00 


Si- 


< 

c^ 


o »- 

CD 
<- 
CD 
< 


c 
z 


in 

< 
z 


< 
< 


oa 

fVI CD 

u 
< 


CO 


CM 


I 

"»n 


< 
< 

a 

CD 

< 


o < 

CD Q 
CM f5 


O 
CD 
U 


CJ 

u 


o< 

< 
< 

u 
o 
a 


< 

S UJ 
3 U 
H-Z 
U Ul 
33 
(TO 
KUJ 

cncn 

cn 
O 
Z 

KZ 

CO 

<s 

♦ kO 

cncj 


34 


EP 0 131 623 81 



NEW STRAND 
OF ONA 


SYNTHETIC PRIMER (5' 32p, 
ANNEALED TO SINGLE STRANDED 
M 13 CLONED DNA 


KLENOW POLYMERASE 
UNLABELED dNTP$ 




T4DNA POLYMERASE 
UNLABLED dNTPs 


Sou 3 a 
f EcoRl 

I / DIGEST WITH EcoRI 

^ \ PURIFY 308 bp 

\ \ FRAGMENT 

FIG. 5. 



Sau3Q 
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PHAGEA ONA CARRYING Tn 5 ONA 


£eo Rl 


Hind til 

8am HI 


I 

Hind III Hind III 


DIGEST WITH Hind III / 
PURIFY 3.3 Kb FRAGMENT^' 


Hind III Smo I Bom HI Hind III 




DIGEST WITH Hind III 
AND Bom HI 


NPT II Km" DIGEST 

GENE WITH Bom HI j MIX .UGATE.TRANSFORM CELLS 
EcoRl .Hind III SELECT Amp" Km « 


DIGEST WITH 
Smo I 




ADO Bom HI LINKER 
5-CCG6ATCCGG 
GGCCTAGGCC- 5' 
LIGATE. DIGEST 
WITH Bom HI 


EcoRI .Hindlll 


Smo 


BomHI 


EcoRI . III 


NPT-II 
Km«' 

pMON 
40 




BomHI FROM 
LINKER 
Bom HI 
(Smo 1} 

500 bo 
FRAGMENT 
Bom HI ^ gg„ ^1 

PURIFY LARGE 4.2 Kb FRAGMENT 
LIGATE TO CIRCULARI2E.TRANSF0RM 
CELLS SELECT Amp" Km« CELLS 


Bom HI 


FIG. 6. 
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EcoRI 


Hind III 


NPTII^^C\^ Bql III 
PROMOTER^ 

PMON 40 

NPTII 
STRUCTURAL 
" SEQUENCE, ' 


FIG. 7. 


Bom HI 

DIGEST WITH Bgl 11. CONVERT TO BLUNT ENDS 
WITHKLENOW ONA POLY MERASE + 4d NTP, 


EcoRI 


Hind III 



B9I II (BLUNT) 
Bgl II (BLUNT) 


EcoRI 


Bom HI 

DIGEST WITH EcoRI 
PURIFY 3.9 Kb 
VECTOR 
FRAGMENT 


EcoRI Sst II 



BLUNT 



NOS PROMOTER 

BLUNT) / 

DNA LIGASE 
TRANSFORM CELLS 
SELECT AmpR 
SCORE KmS 


Bom HI 
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BomHl 


RSQ I UinH III 


NOS STOP J 
COOON 



NOS POLY A SIGNAL 


l«00 bo FRAGMENT FROM 
Hmdili -23 FRAGMENT 


Hind III 


SamHt 


Hind III 


Rso I 



-i. """^ANSFORM. X 
SELECT Amp« CELLS 


Bom Ml 


NOS 
POLY- A 
SIGNAL 
'NOS STOP 
COOON 


PREPARE PM0N42 ONA FROM 
<Jom - 3 CELLS, DIGEST WITH 
?R'AlaENT''^"'^^20bp 

Rsa I 


SomHl 


Mbol 
Mbol ^ 

- I .J 


Smo k So"» HI 
EcoRl\ APst I 



DIGEST WITH 
Sma I 

Sol I 
Hind III 


EcoRl f 



NOS STOP * 

COOON 

DIGEST WITH Mbo I 
CONVERT TO BLUNT ENDS 

MIX.TREAT WITH ONA 
LIGASE, TRANSFORM 
CELLS, OBTAIN PHAGE 
PLAQUES 

SCREEN RF ONA$ FOR 
260 bo INSERT 

II^IS"^ CLONE WITH 
PROPER ORIENTATION 

NOS POLY A SIGNAL 


FIG. 8. 
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DIGEST WITH EcoRI AND 
Bom Ml PURIFY i 300 be 
FRAGMENT " 


EeoRI 


8gl II 


BamHI BomHI 


M-2 

(SEE FIG. 8.) 


DIGEST WITH EcoRI 
AND BomHI PURIFY 
280bo FRAGMENT 

EeoRI 


SflMj's- ''I^iSIS^crA^N^'' ^'OS'T^. TRANSLATED 

RiG^.o".""^"^^^" f %'n.?Ia'Js°LATED^ ^"iSl 
^^^^OH REGION ^ F^EcoRl 


MIX AND LIGATE 
EcoRI 891 II T BomHI EcoRI 


NOS NPTII 
CHIMERIC GENE 


S"''' BomH 


NOS 




Bom HI 
IGEST WITH EcoRI 


Bom HI 


MIX AND 
LIGATE 



Bom HI 


BomHI 


BomHI 


Bom HI 


FIG. 9. 
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EcoRl 


'Amp" 

NOS-NPT 
NOS 

PMON 75 OR 
pMON 76 


EcoRI 


EcoRl 


Bgl II 


DIGEST WITH EcoRl 
PURIFY 1.5 Kb 
" FRAGMENT 


Bom 



EcoRl 



NPTII NOS.S'NON-TRANS- 
PROMOTER STRUCTURAL LATEO REGION 
REGION AND SEQUENCE 
5 NON-TRANS- 
LATED REGION 

'T40NA LI6ASE 
TRANSFORMCELLS 
SELECT Spe** CELLS 



EcoR 


EcoR! 

Bom EcoRl 
NOS-NPTII-NOS ~ NOS-NPTIINOS 


FIG. 10. 
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8am H 



P8R327 


DIGEST 

WITH 
Sam H I 


MIX.LIGATE. 
TRANSFORM, 

SELECT Amp" 
Km« CELLS 



DIGEST WITH 
Bom H I, Ava I 
BLUNT ENDS 
WITHKLENOW 
POLYMERASE 
*4d NTPs 


^AvQ 



G6ATC 
CCTAG-5' 


CCC6A 
6GGCT-5* 


ADO SYNTHETIC 
KpftI LINKER 

S'CCGGTACCGG 

GGCCAT6GCC-5' 
LIGATE, 
TRANSFORM. 
SELECT Amp«CELLS 



'^DIGEST 
WITH 
BomHI 


DIGEST 
WITH Avo II 
BLUNT ENDS 
WITH KLENOW 
POLYMERASE 
+ 4<J NTPS 
ADO Bom HI LINKER : 
5'-CCGGATCCGG 
GGCCTAGGCC- 5' 

Sam HI 
Xho I 



FIG. II. 


Bom HI 
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EcoRl 



DIGEST WITH 
EcoRl.BamHi 
PURIFY 1.9 Kb 
FRAGMENT 


EeoRI 


Bam HI 


Eco Rl 



Bom HI 


DIGEST WITH EcoRI, 
Bom HI, PURIFY 
1300 bp FRAGMENT 



Bom H I 


EeoRI Pst I Pst I 


Bom HI 
=1 


NOS PROMOTER 
AND S' NON - 
TRANSLATED 
REGIONS 


NPT II STRUCTURAL 
SEQUENCE 



MIX. LIGATE, TRANSFORM, 
SELECT Amp« CELLS 


FIG.I2. 



P$t I 


BomHI 
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NOS PROMOTER. 5' 

EeoHl NON-TRANSLATED 
REGIONS 

Psr I 


Pst I 



Bam H I 


Xho I 


8om HI 


DIGEST P«t I. 

Bom HI PURIFY 2.4 Kb 

FRAGMENT 


NPT I 

STRUCTURAL \\ 
SEQUENCE V 
pMON 66 I 


SamHI 

DIGEST Xho 1 , Bom HI 
PURIFY 950 bp 
FRAGMENT 


, EeoRI 


SYNTHETIC LINKER 


.CTGCA-3' 

. promoter' 

. it^1*"''^*^S- / ATBAGCCATATTCAACGGAAACGTCTTae I 

f Bom Hl^ Xho I N ^ 

- ' ■ c ♦ 


G 5-GATCC 


"CCTAG-5* G 


MIX. LIGATE. TRANSFORM. 
SELECT Amp« CELLS 



PARTIAL NPT I 
STRUCTURAL 
SEQUENCE 


SYNTHETIC 
^ LINKER 

Xho I 


GAGCT-5' 


FIG. 13. 


Bam HI 
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EeoRI 



Bom Hi 


DIGEST WITH EcoRI, 
Bom HI PURIFY l300bo 
FRAGMENT 



NOS 

POLY-A SIGNAL 


Bom H I 


DIGEST WITH EcoRI. 
Bom HI PURIFY 280bp 
FRAGMENT 


EcoRI EcoRI 



EcoR 


Xhol BomHI Bom HI EcoRI 


NOS NPT I \ 

PROMOTER STRUCTURAL \ 
5'NONTRANS- SEQUENCE NOS 3' 
LATEO REGIONS NONTRANSLATEO 

REGION 


DIGEST EcoRI 
CAP 


NOS POLY-A SIGNAL 
EcoRI y 

8am HI 


Xho I 


MIX. LIGATE, TRANSFORM, 
SELECT Amo" CELLS 



Eco Rl 


Xho I 


EcoRI 



FIG. 14. 


BomHI 


Eco Rl 

NOS POLY-A 
SIGNAL 


44 


EP 0 131 623 B1 


EcoRl 



EcoRt 


DIGEST WITH EcoRI 
PURIFY 1.6 Kb 
FRAGMENT 


EeoRl 



Xhol * BomHI EcoRI 


EeoRl 



^ NOS NPT I NOS 3' 

5' NON-^AtPl^^rn ^Si'^P'*^^ NONTRANS. 
REG^^ONS SEQUENCE LATED 



DIGEST EcoRI, 
CAP 


LATED 
REGION 


MIX.LIGATE TRANSFORM 
SELECT Spc« CELLS 


EcoRI 



EcoRI 


BomHI Xhol 
NOS POLY-A SIGNAL 


Xho I 

NOS POLY-A SIGNAL^ 


FIG. 15. 
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EcoRl 


Hind III 



891 11 


DIGEST WITH 
Bgl 11 


EcoRl 


Hind III 



SOYBEAN SMALL SU8UNIT 
PROMOTER FRAGMENT 


Mbe I 


EeoRI 



Mboi 


DIGEST WITH Mbo I 
PURIFY 800 bp 
FRAGMENT 


Hind III Mboi 


Sbss PROMOTER 
5* NONTRANSLATEO 
REGIONS 


MIX, LIGATE.TRANSFORM. 
SELECT Amp« CELLS 


EcoRl Hind III 



Hind III 

Mbo 1/ Bgl II JOINT 
Bel I 


FIG. 17. 
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EcoRl 


FIG. 18. 


NOS POLY -A 
SIGNAL 


EcoRI 



Sam HI 



DIGEST EcoHI.Bcl I 
PURIFY 1200 bp 
FRAGMENT 


DIGEST EcoRI, Bgl II 
PURIFY I250bp 
FRAGMENT 



Hind III 


EeoRl 


^8cli Bgll BomHi EeeRI 


EcoRI 


DIGEST 
WITH 
EcoRI 


SbssPROMOTER, NPTII 
5' NONTRANSLATED STRUCTURAL \ 
REGIONS SEQUENCE 

NOS 3* ' 
NONTRANS- 
LATED REGION 


MIX.UGATE.TRANSFORM, 
SELECT Spc« CELLS 



NOS 

POLY- A 
SIGNAL 


Hindlll . 
Hind III / 
Bell, 

I '^glll 
JOINT JOINT 


EcoRI 


NOS 

POLY- A 
SIGNAL 
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EeoRl 


Eeo Ri 


Cla I 



. bGH 

START 

COOON 


Hind III 


DIGEST 
WITH Hind III.ECORI 
PURIFY 570 bp 
FRAGMENT 



DIGEST Hind III.EeoRI 
PURIFY 290bp 
FRAGMENT 


EcoRI 


EcoRI 


Hind III 


Hind III C'ol 

EeoRl 


BGH STRUCTURAL 
SEQUENCE 

DIGEST 
EcoRI 
CAP 


BomHI 


MIX, LIGATE. TRANSFORM, 
SELECT AmpR CELLS 



NOS 3' 
NON-TRANS- 
LATED REGION 


Hind III 
Bom HI 


NOS POLY-A 
SIGNAL 
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EcoRl 


Hind III 



DIGEST WITH Xbo I 
CREATE BLUNT ENDS 
WITH KLENOW 
POLYMERASE + 4 
dNTPs 


FIG. 20. 


DIGEST WITH EcoRI 
CREATE BLUNT ENDS 
WITH KLENOW POLY- 
MERASE * 4d NTPs 
PURIFY 900 bp 
FRAGMENT 



Xbat( BLUNT) 
• EcoRl 
(BLUNT) 


Cla I 


Hind III 


Bq^ II 


Xbo I —-7 

(BLUNT) N0S3' 
NON TRANSLATED 


EeoRl 
(BLUNT) 


REGION 


BGH 
STRUCTURAL 
SEQUENCE 



MIX. LIGATE.TRANSFORM. 
SELECT Amo'' CELLS 


,^NOS POLY- A 
SIGNAL 


Hind III 


Bgl II 
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Cla I 



ClQ I 


8cl I 



Hind III 


Bgl II 


DIGEST WITH 
Bel I, Cto I 

PURIFY liOObp 
FRAGMENT 




DIGEST 
WITH Clo I.B9I II 
PURIFY 900 bD 
FRAGMENT 


Bel I B9i II 



.Sb«a PROMOTER. BGH 
5 NONTRANSLATED STRUCTURAL 

REGIONS SEQUENCE NOS 3' 

NONTRANSLATED 
REGION 


Cla I 



MIX.LIGATE.TRANSFORM. 
SELECT Spc« CELLS 


Clo I 


Hind III 

NOS POLY-A 
SIGNALS 


Bgl 11/ Bel I 


Hind III 
Bel 1/ B9I ill NOS 

FIG ^1 POLY-A 
~/VJ. SIGNAL 
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ClO I 


NOS \] 
PROMOTER il 

pMON 76 SC^EcoRI 


DIGEST WITH EcoRI. 
Bgl II PURIFY 308bo 
FRAGMENT 



Hind III 


DIGEST WITH Clo I, 
Bgl It PURIFY 900 bp 
FRAGMENT 



EcoRl Bgl II Bgl II Hind III do I 


Eco R I 


'^OS B6H ua<x' 

PROMOTER STRUCTURAL nON- 

5'NONTRANS- SEQUENCE tba2« 

LATEO REGIONS '^^^"^^^ IaTEo" 

\ ^^-^ REGION 

DIGEST WIThX^.,..-'-^ 

Ciol. ECORI T^.x.uGATE.TRANS- 
FROM. SELECT Spc" 
CELLS 


PURIFY 8Kb 
FRAGMENT 


FIG. 22. 


Clo I 

NOS 
POLY -A 
SIGNAL 



Eco Rl 


Hind III 


Bgl II 
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Bom HI 
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^^ORI Hind III 


DIGEST WITH Ndt I, 
Bst E II 
PURIFY 



DIGEST WITH 
Nd«l,8omHI 
PURIFY 4.9Kb 
FRAGMENT 


STRUCTURAL SEQUENCE 
_ 5' PORTION 

EeoRI Hind ill 


Bst E II 



START COOON 
DIGEST WITH Hinf I 


Ndtl -^ATG 
CA^^^AC 


-G 

CTAA 


GTAT EPSP SYNTHASE 5* PORTION 4 *' 

5' 


JUGATE. TRANSFORM, 
SELECT Amp« CELLS " 


FIG. 24. 


HInf I 

BomHI EPS P SYNTHASE start" 

« CODON^ 
CCTA6 GAT:CA6ATCTGrrGTAAGS46TCTA6i«iTes 

B9I M ' xbfll' 5* 

SYNTHETIC LINKER 



Nde I 


Hinf I 


EPSP SYNTHASE 
START COOON 

SYNTHETIC 
LINKER 
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EcoRI 


Hind III 



EcoAl 


ClQl 


891 II 


DIGEST 
WITH EeoRl 
Hind III 


BofflHI 



NOS POLY- A 
SIGNAL 

Hind III 


EcoRI 


Hind III 


Amp" 

EPSP V 
SYNTHASE! 

PMON25 j 


DIGEST WITH EcoRI, 
Hind III 
PURIFY 290bp 
FRAGMENT 


V — ^ 


Hind 111 

iif 


•891 II 


Bom HI 


NOS 3'NONTRANSLATED 
REGION 


MIX.LIGATE.TRANSFORM 
SELECT A mp« CELLS 


EcoRI 


^ -^CIo I 


FIG. 25. 



NOS POLY -A 
SIGNAL 


Hind III 
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EcoRI C]Q I 


NOS 
3*REGI0N 

Amp'' 

pMON 146 £psp 
SYNTHAJ 
STRUCTURA 
SEQUENCE. 


NOS POLY -A 
' SIGNAL 

■Hind III 


Bgl II 


ASE 



EcoRI 


B9I II 

DIGEST WITH CIo I, 891 II 
PURIFY 2.3 Kb FRAGMENT 


DIGEST WITH 
EcoRI , B9I II 

PURIFY 308 bo 
FRAGMENT 



CIo I Hind III 


Bgl II Bgl II EcoRI 


NOS 3' EPSP NOS PROMOTER 

NON-TRANS. SYNTHASE 5'NON-TRANS- 
REGION STRUCTURAL LATEO REGIONS 
SEQUENCE 


EcoRI 



DIGEST CIo I, 
EcoRI TREAT 
WITH CAP 


MIX.LIGATE. 
TRANSFORM, SELECT 
Spc« CELLS 


FIG. 26. 


Clol 

NOS POLY-A 
SIGNAL 



Hind III 


Bgl II 
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Clo i 



NOS POLY- A SIGNAL EcoRI 


Hind III 


Bgl II 


DIGEST WITH Cla (.Sgt II 
PURIFY 2.3Kb FRAGMENT 



Set I 


DIGEST WITH CIc I, 
del I, PURIFY I.I Kb 
FRAGMENT 



Cla I 

b 


Hind III 


Bgl 11 Bel I 


Cle I 


NOS 3 EPSP Sbss PROMOTER. 

NON-TRANS. SYNTHASE 5'NON-TRANS- 
REGION STRUCTURAL LATED REGIONS 
SEQUENCE 


_ ,, DIGEST WITH 

Clo Clo I TREAT 

EcoRl WITH CAP 


MIX. LIGATE,TRANS- 
FORM, SELECT 
Spc« CELLS 


FIG. 27. 


ClQ I 


NOS POLY- A 
SIGNAL 



Hind Hi 


Bgl ll/Bel I 
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Sol I 
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Hind III 



EcoRI 


NOS POLY A 
/SIGNAL 

' Bom Hi 


DIGEST Hind ill 
PURIFT 476 bp 
FRAGMENT 



Hind ill 


Sac I 


Mbol 

Hind ill 


19 S PROMOTER 
S' REGIONS 



DIGEST Mbol 
PURIFY 455bp 
FRAGMENT 

Mbol 
Soe I ^ j |—8gl II 


DIGEST EeoR I. 
Bql 11 

PURIFY l2S0bp 
FRAGMENT 


Bom Hi 

zzzfc 


EcoRI 


CoMV i9S NPTII NOS 3' 

PROMOTER. STRUCTURAL NON- 
5' REGIONS SEQUENCE TRANS- 
LATED 
^ REGION 

DIGEST EcoRI. ^ 


CAP 


Hind ill 


EcoRI 


MIX. LIGATE. TRANSFORM, 
SELECT Spc» CELLS 


FIG. 29. 


Hind III 


Sac I 



EcoRI 

V NOS 

POLY A 

_ ^. SIGNAL 
BomHI 
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Hind III 


Bgl It 



8gi II 


Psti 


Bam HI 


P»t I 

Xho I 
DIGEST Pst I, Bgl II 
PURIFY 3.4 Kb 
FRAGMENT 



SPURIOUS 
ATG 

-MbOl 
P«t I 


DIGEST Bgl II, PstI 
PURIFY ZIBbp FRAGMENT 



GATCTA6TTAGTTAATCTAGAC Mbo i 
ATCAATCAATTAGATCTGCTAG , 

SYNTHETIC 
LINKER 


yMbo 


Xbo I 


MIX.LIGATE. 
TRANSFORM 
SELECT Amp« 
CELLS 


I 

•C > ^ 
GCTAGj. 


PARTIAL NPT II 

STRUCTURAL 

SEQUENCE 


DIGEST Mbo I 
PURIFY 194 bp 
FRAGMENT 


Bgl II 


FIG.30. 



Xbo I -—SYNTHETIC LINKER 
Mbo I 


P«t I 


Xho I 
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Pti I 


Xhol 



DIGEST WITH Xbol 
FILL-IN WITH KLENOW 
POLYMeRASE+ 4 dNTPs 

DIGEST WITH P$t I 
PURIFY 3.6 Kb 
FRAGMENT 


Bom HI 


EeoRI 
Hind III 


DIGEST WITH Hind III 
FILL-IN WITH KLENOW 
POUTMERASE-i- 4d NTPs 
DIGEST WITH Pst I 
PURIFY llOObp 
FRAGMENT 


Hind lll(BLUNT) 
8dm HI 


NOS 3' 
REGION 



BomHI 


EeoRI 
Hind III 
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Hind III 


Sac I 
Mbol 



Bgl II 


Hind III 


DIGEST 
Hind III 
PURIFY 
476 bp 
FRAGMENT 


Hind III 


I9S PROMOTER 

5' REGIONS ^ , 
\OIGEST Mbol 

.PURIFY 455 bp 
.FRAGMENT 
Hind III ^^ M^,, 

Soel 



CoMV I9S 
PROMOTER, 
5' REGIONS 



Bom HI 

NOS 
POLY-A 
SIGNAL 

DIGEST Eeo Rl 
Bglli 

PURIFY 1250 bp 
FRAGMENT 


MODIFIED NPT II NOS 3* 
STRUCTURAL NON-TRANS- 
SEQUENCE LATEO REGION 


Hind ill 


DIGEST 
EeoRI. 
Hind III.CAP 


EcoRI 


MIX, LIGATE. TRANSFORM, 
SELECT Spc« CELLS 


FIG. 32. 


Hind III 


Sac I 


Mbol 



EcoRI 


SamHI 


Bgl II 


Xbal 
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Sol I 


POLY-A SITE 


Sol I 



DIGEST WITH 
Bglll 

PURIFY 1200 bp 
FRAGMENT 


CaMV 
ONA 


Sgl II EcoRi 


t 


Co M V ( 32S ) PROMOTER , 
5 'LEADER REGION 


EcoRI 


BamHI 



DIGEST BamHI, 
B9III 


PURIFY 

LARGE 

FRAGMENT 


Bglll 



Avo II 


EcoRT 
EcoRI* 

Avon 


DIGEST 
WITH 
A«Q II 


Bglll/^MIX, 

BomHI/ '^TRANSFORM. 
B9I II SELECT 
Amp" 
CELLS 


DIGEST WITH 

EcoRl'fEcoR'y 
PURIFY 190 bp 
FRAGMENT 


EcoRI 


PURIFY 
1 1 00 bp 
FRAGMENT 




Avo II 


MIX, LIGATE. TRANSFORM, SELECT 
Amp "CELLS 

EcoRI 


EcoR? 
PURIFY 3.1 Kb 
FRAGMENT 


Amp' 


EcoR7 


32S 


PROMOTER. 


5 NON-TRANSLATED I 


REGIONS 


pMON 81 


FIG. 33. 
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CeoRI 


Amp' 


32 S 


PROMOTER 


pMON SO 
FROM dam 3 
CELLS 


DIGEST 
EeoRI, 
Bglll 


EeoRt 


PURIFY 
I S50 bp 
FRAGMENT 


Mbol 


B«l II 
MboU 
EcoRX 


I I 


EepR7 


Bqi II 


CoMV 32S PROMOTER, 
5* NON-TRANSLATED 
REGIONS 

DIGEST Mbol 
PURIFY 725 bp 
FRAGMENT 



Mbol EcoRX Mbol 

DIGEST Bql II 



FIG. 34. 


MIX, LI GATE, 
TRANSFORM, SELECT 
Amp«CELLS 


891 II 



EcoRX 


Bgl 11 
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EcoRI 


" PROMOTER 


EcoRX 
Bom HI 


Bgl II 


pMON 81 



EeoRT 


DIGEST Bom HI 
FILL-IN WITH KLENOW 
POLYMERASE + 4d NTPs 


DIGEST EcoRX 
PURIFY 3.1 Kb 
FRAGMENT 


EcoRir 


EcoRX 


Bgl 11 


DIGEST Bqi II 
PURIFY 725 bp 
FRAGMENT 

Alu I 


Bgl 11 


Bglll 



DIGEST EcoRX 
Alu I 

PURIFY I90bp 
FRAGMENT 

.Alu I 


FIG. 35. 


MIX.LIGATE. 
TRANSFORM, SELECT 
Amp« CELLS 


EcoRT 



Bam HI 
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EcoRI 



EcoRl 


Smo I 
Bom HI 


Bom HI 



DIGEST EcoRU 

Bom HI 
FILL-IN ENDS WITH 
KLENOW POLYMERASE 
+ 40 NTP« 
PURIFY 380 bp 
FRAGMENT 


DIGEST Smo I, CAP 


MIX.LIGATE, 
TRANSFORM. SELECT 
Amp" CELLS 


EcoRI 



Bom H I 


FIG. 36. 
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EcoRi 



EcoRi 


8om HI 


3' REGION 
AmpR 

NPTII 
STRUCTURAL 
SEQUENCE 

pMON 75 


NOS POLY-A 
SIGNAL 

Bom HI 


Bqi II 


DIGEST EcoRI. 

Bom HI 
PURIFY 380 bp 
FRAGMENT 



c,-oi BomHI „ 
EcoRI , _8qlll 


OIGESTEeoRl.B«lll 
PURIFY 1250 bp 
FRAGMENT 


BomHL EcoRI 



REGION 

digest' 

EcoRI EcoRI, 

CAP 


COMV32S NPTII NOS 3* 

v^z*isj^^' structural non- 
IR.a2S:ated [i^eI- 

REGION 


FIG. 37. 


MIX.LIGATE, 
TRANSFORM. SELECT 
Spc^CELLS 


Eco 


NOS 
POLY-A 
SIGNAL 



BomHI 


Bgl II /BomHI 
JOINT 


Bom HI/ Bqlll 
JOINT 


Bom HI 


EcoRI 

NOS 
POLY-A 
SIGNAL 
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